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SUMMARY 
B r i e f h i s t o r i c a l account of surface wave dispe r s i o n work i s 
given. The basic concept of phase and group v e l o c i t y of surface 
waves together w i t h various methods a v a i l a b l e f o r the measurement 
of phase v e l o c i t y from e i t h e r a s i n g l e s t a t i o n or m u l t i s t a t i o n s 
i s discussed. The Eskdalemuir array s t a t i o n and the play-back 
equipment a t the Seismology Unit i n the U n i v e r s i t y of Durham are 
described. Previous research on the Iceland-Faeroes Ridge i s 
discussed. 
The Rayleigh and Love wave di s p e r s i o n of the three regions, 
I c e l a n d , Jan Mayen and North A t l a n t i c ocean are evaluated from the 
seismograms and the appearance of Rayleigh and Love waves i s 
discussed i n d e t a i l . The various methods of i n t e r p r e t i n g the 
surface wave di s p e r s i o n data i s discussed and the basic theory 
behind the method of c a l c u l a t i n g phase and group v e l o c i t i e s f o r 
a t h e o r e t i c a l model together w i t h the computer program are given. 
The observed surface wave di s p e r s i o n i n the three regions i s 
i n t e r p r e t e d i n terms of c r u s t a l s t r u c t u r e . I t shows t h a t the 
o r d i n a r y mantle i s a t a s l i g h t l y greater depth along the Iceland-
Faeroes Ridge compared w i t h t h a t on e i t h e r side of t h i s r i d g e . 
The P wave v e l o c i t y d i s t r i b u t i o n i n the upper mantle 
of the three regions i s s t u d i e d by using the Eskdalemuir array 
data. FinaEy a possible c r u s t a l and upper mantle s t r u c t u r e of the 
Iceland-Faeroes Ridge and the Jan Mayen region are given. 
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CHAPTER 1 
( i ) I n t r o d u c t i o n 
The Iceland-Faeroes Ridge i s a strong topographic feature 
i n the N o r t h - A t l a n t i c ocean characterised by a r e l a t i v e l y 
steep slope t o the north-east and gradual slope t o the south-
west. This aseismic r i d g e provides a natiaral boundary between 
the Norwegian basin and abyssal p l a i n s of the main A t l a n t i c 
ocean ( F i g . l ) and forms a shallow water region from the mid-Atlantic 
Ridge t o the c o n t i n e n t a l margin of Europe. To the south-west 
of t h i s Iceland-Faeroes Ridge i s the Reykjanes Ridge ( F i g . l ) 
extends t o the south-west of Iceland and i s approximately c e n t r a l l y 
l o c a t e d between Rockall Bank and the c o n t i n e n t a l s h e l f of south 
eastern Greenland. Between Iceland and the i s l a n d of Jan Mayen, 
the a x i s of the Iceland-Jan Mayen Ridge i s symmetrically located 
near the coast of Greenland and i s topographically part of the 
Iceland Plateau. North east of Jan Mayen, the segment known 
as Mohn's Ridge i s c e n t r a l l y located w i t h i n the Greenland Sea 
( F i g . l ) . The Norwegian Sea i s north of the Iceland-Faeroes 
Ridge and the Faeroe Islands are located on t h i s r i d g e at 
i t s j u n c t u r e w i t h the Rockall Bank. Rockall Bank i s a b a s a l t i c 
p l a t e a u , but the i s l a n d of Rockall consists of a e r g i r i n e 
g r a n i t e (Sabine, 1960). 
A considerable amount of g e o l o g i c a l and geophysical evidence 
has been obtained from Iceland, Faeroes, eastern p a r t of 
N o r t h - A t l a n t i c ocean and NoiTvegian Sea, but l i t t l e i s known of 
the r i d g e l i n k i n g the two i s l a n d s . With t h i s view i n mind 
marine g r a v i t y and magnetic, seismic studies have s t a r t e d at 
Durham U n i v e r s i t y . 
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The work described i n t h i s t h e s i s i s aimed a t p r o v i d i n g 
i n f o r m a t i o n on c r u s t a l s t r u c t u r e along t h i s r i d g e t o compare t h i s 
w i t h the c r u s t a l s t r u c t u r e on e i t h e r side of the r i d g e . Also 
c e r t a i n l i m i t s are placed on the p h y s i c a l nature of the upper 
mantle beneath the whole area. A method of g i v i n g the average 
c r u s t a l s t r u c t u r e w i t h o u t i n v o l v i n g a great deal of cost 
i s the study of the d i s p e r s i o n of surface waves t r a v e l l i n g over 
the area of i n t e r e s t . As there are a number of earthquakes along 
the m i d - A t l a n t i c r i d g e and i n Iceland, p r o v i d i n g sources of surface 
waves, the d i s p e r s i o n of these waves observed a t a seismic s t a t i o n 
near the c o n t i n e n t a l margin of Scotland, i s used t o provide information 
regarding the c r u s t a l s t r u c t u r e of the Iceland-Faeroes Ridge. The 
i n f o r m a t i o n regarding the deep mantle can be obtained very 
acc u r a t e l y from dT/dA work on P waves. This requires a seismic 
array s t a t i o n . The seismic array s t a t i o n run by the Atomic Weapons 
Research Establishment at Eskdalemuir i n Scotland provided the long 
p e r i o d records f o r the c r u s t a l study and the seismic array data 
f o r the upper mantle study. 
( i i ) H i s t o r i c a l development of Surface Wave studies 
The fundamental problem of earthquake seismology i s t o 
proceed from s c a t t e r e d observations of earthquake waves t o a 
d e t a i l e d d e s c r i p t i o n of the e l a s t i c p r o p e r t i e s i n the earth 
and the nature of the movement a t the source. Most of the 
knowledge concerning the i n t e r i o r of the e a r t h comes from the 
t r a v e l times of body waves but i n some regions (shadow zones) 
i t i s d i f f i c u l t t o apply body wave analysis and i n those regions 
surface wave theory o f f e r s an a l t e r n a t i v e way t o study the 
e l a s t i c p r o p e r t i e s of the i n t e r i o r . Also the t r a v e l time 
method f a i l s f o r shallow shocks i f the v e l o c i t y decreases moderately 
w i t h depth; i t i s then necessary t o r e l y on amplitude data 
which i s f r e q u e n t l y e r r a t i c . Surface wave t r a v e l - t i m e methods 
on the other hand, encounter no p a r t i c u l a r d i f f i c u l t y i n the 
presence of a low v e l o c i t y l a y e r . 
Most of the t h e o r e t i c a l foundation f o r the study of surface 
waves was l a i d by Love (1911) f o l l o w i n g the e a r l i e r work of 
Rayleigh (1885) and Lamb (1903). Surface waves had been 
recognised on seismograms a t an e a r l y date (Oldham, 1900) 
and s t u d i e d by G a l i t z a n (1912), but i t was not u n t i l the 
1920's t h a t attempts were made t o use observational data f o r the 
study of the Earth's c r u s t (Tarns, 1921; Gutenberg, 1923, 1924, 
1925; J e f f r e y s , 1925; Stoneley, 1928; Stoneley and T i l l o t s o n , 1928) 
Throughout the 1930's and 1940's many i n v e s t i g a t o r s 
such as Byerly (1930), Stoneley (1931), Rbharbach (1932), 
Labrouste (1933), Carder (1934), Sezawa (1935), Bullen (1939), 
Wilson (1940), Stoneley (1948) and Wilson and Baykal (1948) 
used surface wave data f o r studying c r u s t a l s t r u c t u r e i n various 
p a r t s of the world. 
The use of surface waves t o determine s t r u c t u r e i n the 
mantle i s a very recent development growing out of the improvement 
of long p e r i o d i n s t r u m e n t a t i o n and the u t i l i z a t i o n of high speed 
d i g i t a l computers. Mantle Rayleigh waves were described i n 
1954 (Ewing and Press, 1954 a,b) and t h e i r p o t e n t i a l as a new 
and powerful t o o l f o r studying mantle s t r u c t u r e was pointed 
out. 
s 
Surface waves also provide more than j u s t an a l t e r n a t e 
method t o body waves f o r studying v e l o c i t y d i s t r i b u t i o n i n the 
E a r t h . F i r s t l y , t h e i r d i s p e r s i o n i s p a r t i c u l a r l y s e n s i t i v e 
t o the shear v e l o c i t y , the l e a s t accurately determined body 
wave v e l o c i t y . Secondly, t h e i r v e l o c i t y i s dependent on the 
density d i s t r i b u t i o n . I f the seismic v e l o c i t i e s were 
completely and accurately determined from body wave studies , 
then the surface wave d i s p e r s i o n would y i e l d the density i n 
a d i r e c t manner. T h i r d , surface waves can be used to determine 
average s t r u c t u r e over regions inaccessible t o body wave 
s t u d i e s . Also, there are no shadow zones t o f r u s t r a t e t h i s 
type of study. Since fundamental surface wave data i s v e l o c i t y -
p e r i o d r a t h e r than amplitude-distance or time-distance, a 
s i n g l e seismogram of a s i n g l e earthquake, i n p r i n c i p l e , contains 
a l l the i n f o r m a t i o n needed f o r a s t r u c t u r a l i n t e r p r e t a t i o n . 
( i i i ) Previous hypothesis and Research r e l a t e d t o the 
o r i g i n of the Iceland-Faeroes Ridge. 
The Iceland-Faeroes Ridge was considered by Th.Thoroddsen 
(1906) and many geologists of t h i s p e r i o d , t o be a product of 
a once l a r g e , continuous volcanic mass t h a t s t r e t c h across the 
N o r t h - A t l a n t i c from Scotland t o Greenland during early T e r t i a r y . 
A f t e r a pause i n volcanic a c t i v i t y characterized by l i g n i t e 
f ormations, r e g i o n a l subsidence occured which was believed t o be 
complete by the l a t e Miocene except f o r Iceland, the Faeroes and 
the b a s a l t areas of Scotland and Greenland. The phase of recent 
a c t i v i t y was thought t o have s t a r t e d i n e a r l y Pliocene, and 
confined t o a narrow b e l t across Iceland. 
Since t h a t time a considerable amount of geological and 
geophysical knowledge has become a v a i l a b l e , y One of the more recent 
hypothesis f o r the formation of Iceland and Faeroes assumes 
the preexistence of an A t l a n t i c ocean and then subsequent 
submarine volcanic a c t i v i t y a t the beginning of the T e r t i a r y 
b u i l t t h i c k p i l e s of low density p y r o c l a s t i c s upon the ocean 
f l o o r . This hypothesis was introduced by Einar,sson (1960, 
63) t o e x p l a i n the large g r a v i t y low over the centre of Iceland, 
and a s i m i l a r idea was expressed by Saxov and Abrahamson (1964) 
and supported by Noe-NygAard (1966) t o account f o r the g r a v i t y 
low s i t u a t e d i n the north-west of Faeroes. However, i t i s now 
c l e a r from research on Surtsey and on the submerged -flanks of 
the Hawaian I s l a n d s , t h a t the i n i t i a l phase of submarine 
eruptions i s p i l l o w lava. Production of low density tephra, 
s c o r i e or p y r o c l a s t i c m a t e r i a l does not normally begin u n t i l 
j u s t below sea l e v e l (Sigurdsson, 1967), 
Wilson (1965) includes the Iceland-Faeroes Ridge i n h i s 
hypothesis f o r the formation of l a t e r a l ridges by c o n t i n e n t a l 
d r i f t . On the assumption t h a t the p o s i t i o n of Iceland has been 
a 'hot-spot' on the M i d - A t l a n t i c Ridge throughout the period of 
d r i f t , then the r i d g e represents a t r a i l of e x t i n c t volcanoes 
t h a t were i n i t i a l l y formed w i t h i n Iceland along the zone of 
present volcanic a c t i v i t y . , This i s s i m i l a r t o the Bodvarson and 
Walker (1964) hypothesis f o r Iceland, where by dyke i n j e c t i o n 
along the c e n t r a l volcanic b e l t has wedged the east and west 
halves of Iceland apart w i t h time, w h i l s t younger rocks have 
been c o n t i n u a l l y forming i n the middle. This d r i f t hypothesis 
i s supported by s t r a t i g r a p h i c evidence i n Iceland (Walker, 1965) 
and isotope d a t i n g i n eastern Iceland where the ages increases 
s y s t e m a t i c a l l y from a c t i v e zone t o a maximum of 12.5m.y on the 
east west (Sigurdsson and Moorbath, 1968). > The age date f o r 
Faeroes by using a s i m i l a r isotope method as given by T a r l i n g and 
Gale (1968) as about 50-60 m.y.b.p. 
They p o i n t out t h a t the Faeroe Islands are not T e r t i a r y , as 
pr e v i o u s l y thought, but are at le a s t as o l d as dretaceous. The 
high frequency magnetic anomalies recorded over Iceland-
Faeroes Ridge suggests i t i s of s i m i l a r igneous o r i g i n (Avery, 
Burton and H e i r t z l e r , 1968). y{ 
To v e r i f y these hypothesis i t i s e s s e n t i a l t o have d e t a i l e d 
knowledge of the chemical and physi c a l s t a t e of the cru s t and 
upper mantle. I n t h i s connection i t i s of i n t e r e s t t h a t a c i d 
rocks make up an estimated 10-12% of exposed T e r t i a r y plateau 
i n Eastern Iceland (Walker, 1959). I f t h i s f i g u r e i s representative 
of the volume of T e r t i a r y rocks then such a high p r o p o r t i o n i s 
d i f f i c u l t t o e x p l a i n by d i f f e r e n t i a t i o n of a basic magma as 
only 2-5% a c i d residium i s normally produced by t h i s process, 
and i f Carmichael's (1964) t h e o r e t i c a l maximum of 7-12% was 
reached then w i d t h of such thorough e x t r a c t i o n should be obvious 
i n the ba s a l t lavas. Consequently an o l d s i a l i c layer w i t h i n 
the c r u s t of Iceland has been suggested (Walker, 1965). 
Unfortu n a t e l y the geochemical approach has not proved conclusive 
87 86 
as isotope studies using the Sr /Sr r a t i o suggests a common 
o r i g i n f o r the a c i d and basic f r a c t i o n s as both types have the 
same age, (Moorbath and Walker, 1965; Moorbath and B e l l , 1965; 
Heir e t . a l . , 1966; Sigurdsson, 1967). 
Seismic studies by Bath (1960), Tryggvason (1962) and 
Stefansson (1967) gives a v e l o c i t y d i s c o n t i n u i t y a t a depth of 
15 itm. under I c e l a n d , where the v e l o c i t y of P waves suddenly 
increases from about 6.7 km/sec. t o 7.4 Km/sec. Ewing and Ewing 
(1959) found the 7.4 v e l o c i t y a t a considerably shallower depth 
south-west of Ice l a n d . Tryggvason (1961) t r i e d t o f i n d the lower 
boundary of the 7.4 l a y e r , but t h i s has up t o now proved t o be 
d i f f i c u l t . Tryggvason gave a depth of 100-140 kms. t o the lower 
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boundary of 7.4 layer and estimated t h a t the w i d t h of t h i s 
l a y e r was of the order of lOOOkms. I n a more recent paper 
Tryggvason (1964) compared delays of P waves a t Reykjavik, 
Kiruna and Scoresbysund from a great number of teleseismic 
earthquakes. I t was observed t h a t the P onsets were 2-3 
seconds l a t e r i n Reykjavik than i n Kiruna and Scoresbysund. 
Trygvasson concluded t h a t a 240 Km. depth of the 7.4 layer 
under Iceland could possibly e x p l a i n these time delays. 
This i s i n f a c t a very r e v o l u t i o n a r y suggestion, but another 
explanation i s p o s s i b l e , namely, t h a t the a n i v a l times of the 
P waves are s y s t e m a t i c a l l y read too l a t e i n Reykjavik because 
of high microseismic l e v e l . The geophysical studies by 
Palmason (1965) i n the Faeroe Islands gave a layer w i t h a 
P-wave v e l o c i t y of 6.4 km/sec. under a volcanic layer of 
P-wave v e l o c i t y 4.9 Km/sec. 
F i n a l l y s a t e l l i t e data show a broad g r a v i t y high across 
the whole of North A t l a n t i c ocean, which together w i t h Ewing and 
Ewing (1959) seismic r e f r a c t i o n r e s u l t s i n d i c a t e the p o s s i b i l i t y 
of anomalous upper mantle beneath the Norwegian Sea, Greenland 
Sea, Iceland and po s s i b l y f u r t h e r south. 
I t i s evident from the summary t h a t there e x i s t two 
extreme schools of thought on the s t r u c t u r e of t h i s area. 
E i t h e r Iceland, Faeroes and the intermediate r i s e has strong 
c o n t i n e n t a l a f f i n i t i e s , i n which spreading of the three u n i t s 
must be minimal, or t h a t the c r u s t i s closer t o oceanic i n 
character and t h a t the topographic features are produced by 
anomalous m a t e r i a l i n the upper mantle. This study i s 
aimed a t d i s t i n g u i s h i n g between these two schools of thought. 
Chapter I I 
( i ) The Basic Concept of Phase and Group V e l o c i t y 
The i n i t i a l displacement at the source of an earthquake 
i s considered t o be instantaneous and contains f o u r i e r components 
a t a l l frequencies. Each component t r a v e l s at a d i f f e r e n t speed 
and depends on wavelength. The longer waves penetrate t o deeper 
horizons and consequently t r a v e l f a s t e r than shorter waves. The 
r e s u l t of t h i s i n a dispersed wave t r a i n i s which the longest 
wavelengths are a t the head of the t r a i n and shortest at the end. 
I f one f o l l o w s any i n d i v i d u a l c r e s t he sees t h a t i t s wavelength 
changes w i t h time. The speed of such a c r e s t which depends 
on wavelength i s defined as i t s Phase V e l o c i t y (C). 
Suppose on the other hand, we are f o l l o w i n g the energy 
having a given wavelength, which t r a v e l s at a d i f f e r e n t speed known 
as Group V e l o c i t y (U). The group v e l o c i t y , l i k e the phase v e l o c i t y 
i s a f u n c t i o n of wavelength and i t i s r e l a t e d t o the phase 
v e l o c i t y , c, by the equation 
U = C - A dc ( I I - l ) 
dA 
where, X i s the wavelength. 
( i i ) Measurement of Phase and Group V e l o c i t y of Siu-face Waves 
The method of c a l c u l a t i n g phase and group v e l o c i t i e s of Rayleigh 
or Love waves i s the same. The a r r i v a l times of peaks, troughs and 
cross-over p o i n t s of surface waves are read from the seismogram 
and the a r r i v a l time i s p l o t t e d against the number of waves counted 
from an a r b i t r a r y chosen wave. A smooth curve i s drawn through 
the p o i n t s and the p e r i o d of an a r r i v a l i s given by the slope of 
t h i s curve a t t h a t a r r i v a l time. 
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The group v e l o c i t y (U) a t any p a r t i c u l a r p e r i o d ( T ) i s 
t h e d i s t a n c e ( f r o m e p i c e n t r e t o t h e s t a t i o n ) d i v i d e d by t h e 
a r r i v a l t i m e o f t h a t p a r t i c u l a r p e r i o d . 
To c a l c u l a t e phase v e l o c i t y a number o f methods a r e a v a i l a b l e 
and a b r i e f account o f t h e s e methods a r e d e s c r i b e d below 
( a ) F o u r i e r A n a l y s i s Method 
Phase v e l o c i t i e s can be d e t e r m i n e d by t h e F o u r i e r a n a l y s i s 
method where t h e d i f f e r e n c e between t h e phase s p e c t r a o f r e c o r d s 
a t two d i f f e r e n t e p i c e n t r a l d i s t a n c e s i s used t o d e t e r m i n e t h e 
t i m e d e l a y o f t h e phase. T h i s method was i n t r o d u c e d by V a l l e 
( 1 9 4 9 ) and Sato (1955) and a p p l i e d by Sato (1955, 1958). 
I n general^r a r b i t r a r y f u n c t i o n , such as a seismogrsun a t 
e p i c e n t r a l d i s t a n c e A,, can be expressed i n t h e f o l l o w i n g f o r m , 
w h i c h i s F o u r i e r ' s d o u b l e i n t e g r a l theorem: 
j It ,/\,) = j^2-nrj I i\oj , A,) e^'^^duj l i l 
jCuj,/^,) = ^ i r r j j' I a - , A,) e''" c 6 t I ] . 3 
where CJ i s t h e a n g u l a r f r e q u e n c y . 
A t a n o t h e r p o i n t , A r,t t h e d i s t u r b a n c e can be expressed by 
-f C t , A^) . TzttI ( /^M,,A^) f f c ^ , A , ) e cLu) ^ 
t h i s l a t t e r e q u a t i o n shows t h e e f f e c t on a m p l i t u d e , A , and phase, 
o f a wave a t A , , a f t e r p r o p a g a t i o n t o A g -
t 
I f t j ^ and a r e t h e t r a v e l t i m e s f r o m t h e source t o t h e 
c o r r e s p o n d i n g F o u r i e r window and <j>iCoj) and c^j^Cco) a r e t h e 
F o u r i e r phase s p e c t r a , t h e n t h e phase v e l o c i t y , 
where T i s t h e p e r i o d and N i s an i n t e g e r . The need f o r N 
a r i s e s f r o m t h e m u l t i v a l u e d natiu-e o f t h e t r i g o n o m e t r i c f u n c t i o n s . 
T h i s method r e q u i r e s two s t a t i o n s and t h e raw da t a s h o u l d be 
i n d i g i t a l f orm w h i c h c o u l d be o b t a i n e d by d i g i t i z i n g s t a n d a r d 
seismograms or by u s i n g d i r e c t l y d i g i t i z e d d a t a from a d i g i t a l 
s e ismograph. 
( b ) S t a t i o n a r y phase method 
A p a r t from a g e o m e t r i c a l s p r e a d i n g f a c t o r and e f f e c t s o f 
i n s t r u m e n t a l phase s h i f t , a component o f d i s p l a c e m e n t , w , o f 
a d i s p e r s e d wave t r a i n a t p o s i t i o n , x , and t i m e , t , may be r e p r e s e n t e d 
by: 
KL = -!-: | A ( K ) C o s ( c j L - - k x * ( ^ ( : K ) ) O L k ( I I - 6 ) 
o' 
where K = wave number, If - a n g u l a r f r e q u e n c y , = i n i t i a l phase, 
and A = a m p l i t u d e f u n c t i o n ( J e f f r e y s , 1952). I t i s c o n v e n i e n t 
t o i n t r o d u c e a f u n c t i o n <ii - <^(K) d e f i n e d by 
A c c o r d i n g t o t h e method o f s t a t i o n a r y phase, s u b s t a n t i a l c o n t r i b u t i o n s 
i n e q u a t i o n ( I I . 6 ) o c cur o n l y where dV /dK=0. A t such p l a c e s t h e 
d i s t u r b a n c e may be a p p r o x i m a t e d by a J i n u s o i d w i t h peak v a l u e s 
where q - 1/8 i s e q u a l t o an i n t e g e r n. For c o n t r i b u t i o n s 
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r e f e r r e d t o a p a r t i c u l a r b r a n c h o f a d i s p e r s e d wave t r a i n , n 
t a k e s on s u c c e s s i v e i n t e g e r v a l u e s f o r s u c c e s s i v e c r e s t s o f 
t h e o b s erved wave t r a i n . Two methods o f measuring phase v e l o c i t y 
a r e s u g g e s t e d u s i n g e q u a t i o n ( I I . 7 ) 
The f i r s t method assumes t h a t t h e v a l u e o f q a s s o c i a t e d 
w i t h a p a r t i c u l a r c r e s t does n o t change a p p r e c i a b l y as t h e wave 
c r e s t advances f r o m ( x , t ) t o ( x + 4 x , t + i ^ t ) . Then t h e 
phase v e l o c i t y , C i s g i v e n by 
C = /K = Ax. / £it ( I I . 8 ) 
e q u a t i o n ( I I . 8 ) i s t h e one u s u a l l y used i n t h e measurement o f 
phase v e l o c i t y . C o r r e c t i o n f o r t h e s l i g h t change i n p e r i o d 
may be made by a s s o c i a t i n g t h e v a l u e o f C d e r i v e d from e q u a t i o n 
( I I . 8 ) w i t h t h e p e r i o d T = (T + T )/2 where T and T a r e 
t h e o b s e r v e d p e r i o d s a t two o b s e r v i n g s t a t i o n s s e p a r a t e d by t h e 
d i s t a n c e ( P r e s s , 1 9 5 6 ) . 
The second method depends upon t h e p o s s i b i l i t y o f 
d e t e r m i n i n g f o r a g i v e n f r e q u e n c y t h e t r a v e l t i m e between 
two o b s e r v i n g s t a t i o n s o f a p a r t i c u l a r phase o f t h e F o u r i e r 
component o f t h a t f r e q u e n c y . I t was shown (Nafe and Brune, 1960) 
t h e phases o f F o u r i e r components may be fou n d from t h e deserved 
t r a i n , p r o v i d e d d i s p e r s i o n has p r o g r e s s e d t o such an e x t e n t t h a t 
c r e s t s o v e r a c o n s i d e r a b l e range o f p e r i o d s appear on t h e r e c o r d . 
Then, s i n c e q o f e q u a t i o n ( I I . 7 ) i s t h e same f o r t h e phase i n 
q u e s t i o n a t b o t h s t a t i o n s , 
C = y-i.-^> I t-2,'t, ( I I . 9 ) 
I n t h e absence o f a d d i t i o n a l p o i n t s o f o b s e r v a t i o n between 
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and X ^ , t h e i n t e r v a l t - t , i s u n c e r t a i n by a m u l t i p l e 
o f t h e p e r i o d T. Thus, c o m p u t a t i o n o f C as a f u n c t i o n o f T 
l e a d s t o a d i s c r e t e s e t o f p o s s i b l e phase v e l o c i t y c u r v e s , one 
o f ?rtiich must be c o r r e c t . S i n c e t h e s p a c i n g between p o s s i b l e 
phase v e l o c i t y c u r v e s i s s t r o n g l y dependent on t h e s t a t i o n 
s p a c i n g , t h e f o r e g o i n g a m b i g u i t y may be r e s o l v e d i f d a t a from 
a d d i t i o n a l s t a t i o n p a i r s a r e a v a i l a b l e . I t i s i m p o r t a n t t o 
r e c o g n i s e t h a t i n t h e f i r s t method Ly. / 4 t i s d e t e r m i n e d f r o m 
t h e m o t i o n o f an observed wave c r e s t , b u t t h a t /ix / o f 
e q u a t i o n (11.9) i s d e t e r m i n e d from t h e m o t i o n o f a p a r t i c u l a r 
phase o f a F o u r i e r Component o f a g i v e n f r e q u e n c y . The second 
method i s a p p l i c a b l e even when t h e two observed wave t r a i n s 
have no c r e s t i n common. 
A t h i r d method w h i c h has been d i s c u s s e d by Brune e t . a l . 
( 1 9 6 0 ) i s used i n t h e p r e s e n t work and i s d e s c r i b e d i n d e t a i l . 
The b a s i c p r i n c i p l e o f t h i s method i s t h a t t h e phase and 
p e r i o d o f t h e d i s t u r b a n c e a t any i n s t a n t a r e r e l a t e d t o t h e 
phase and p e r i o d o f a t r a v e l l i n g wave component by t h e p r i n c i p l e 
o f s t a t i o n a r y phase a p p r o x i m a t i o n . The i n t e g r a l o f e q u a t i o n 
( I I . 6 ) can be e v a l u a t e d by t h e above a p p r o x i m a t i o n , p r o v i d e d co 
i s n o t t o o near an extreraum o f group v e l o c i t y and t h e a m p l i t u d e 
does n o t v a r y t o o r a p i d l y as a f u n c t i o n o f f r e q u e n c y . A t t h e 
above c o n d i t i o n s t h e s o l u t i o n o f e q u a t i o n ( I I . 6 ) can be w r i t t e n 
i n f o r m 
C ^ 3 T l /0 
Where x i s t h e d i s t a n c e f r o m source t o s t a t i o n , t h e i n i t i a l phase 
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w h i c h i s assumed independent o f t h e f r e q u e n c y , 0^ t h e phase 
o b s e r v e d on t h e r e c o r d s , and N t h e numbers a s s i g n e d t o s u c c e s s i v e l y 
o b s e r v e d phases ( e . g . c r e s t s and t r o u g h s ) o f t h e wave t r a i n . 
The - J i s f o r i n v e r s e ( cL'jjd/''' <0) and normal d i s p e r s i o n (du / J^r yO) 
r e s p e c t i v e l y . 
I f we c o n s i d e r o n l y peaks and t r o u g h s on t h e r e c o r d s , 
t h e n 0 i s e i t h e r 0 o r TT and t h e N a r e s u c c e s s i v e i n t e g e r s , 
b 
We see f r o m t h e r e l a t i o n (11.10) t h a t by a s s i g n i n g d i s c r e t e 
v a l u e s t o 0 we o b t a i n d i s c r e t e s e t s o f v a l u e s f o r phase v e l o c i t y , 
o 
I n our case we t o o k 0^ = o f o r b o t h c r e s t s and t r o u g h s t h e n N 
b 
must be an i n t e g e r f o r c r e s t s and an i n t e g e r p l u s 0.5 f o r t r o u g h s . 
Then (11.10) becomes: 
C = = — — (11.11) 
t - (N-0O + m) T t - ( n + m) T 
2TT 
I n . N - 0 O (11-12) 
2Tr 
0^ i n e q u a t i o n (11.11) i s an unknown q u a n t i t y and so t h e d e t e r m i n a t i o n 
o f phase v e l o c i t y f r o m a s i n g l e seismogram depends on t h e assumption 
o f phases a t t h e o r i g i n ( 0 ^ ) . 
I n t h e p r e s e n t work i t i s a s s m e d 0^ i s e i t h e r 0 o r TT 
( i . e . ) i f t h e t r a v e l l i n g p l a n e waves were i i i t i a l l y i n phase as peaks 
a t t h e o r i g i n t h e n 0^ = 0 o r 0^ = TT when t h e t r a v e l l i n g p l a n e waves 
were i n i t i a l l y i n phase as t r o u g h s a t t h e o r i g i n . 
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The numbers N a r e a s s i g n e d t o peaks and t r o u g h s on t h e r e c o r d 
and t h e d i r e c t i o n o f numbering i s i n t h e d i r e c t i o n o f i n c r e a s i n g 
t i m e on t h e r e c o r d . I n p r a c t i c e t h e o r d e r numbers 'n' i n e q u a t i o n 
( 11.12) i s used and we g e t a number o f phase v e l o c i t y curves 
d e p e n d i n g upon t h e i n i t i a l o r d e r number. E q u a t i o n ( 4 ) i n Brune 
e t . a l . (1963) g i v e s an i d e a o f what o r d e r numbers can be expected 
and so w i t h one o r two t r i a l s one can c a l c u l a t e t h e o r d e r numbers 
e x p e c t e d . 
The main d i f f i c u l t y o f one s t a t i o n method i s t o d i s t i n g u i s h 
w h i c h s e t i s t h e c l o s e s t t o t h e r e a l s e t o f phase v e l o c i t i e s . 
I t i s necessary i n p r a c t i c e a l s o t o c o r r e c t f o r t h e phase 
s h i f t o f t h e i n s t r u m e n t s because we have t h e t i m e o f a r r i v a l 
o f t h e v a r i o u s peaks o f t h e component waves on t h e r e c o r d . So 
i n c a l c u l a t i n g t h e phase v e l o c i t y , t h e phase s h i f t o f t h e 
i n s t r u m e n t s and group d e l a y i n t h e c a l c u l a t i o n o f group v e l o c i t y 
s h o u l d be t a k e n i n t o c o n s i d e r a t i o n . 
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Chapter I I I 
( i ) E s k d a l e m u i r S e i s m o l o g i c a l R e c o r d i n g S t a t i o n (U.K.A.E.A.) 
The U n i t e d Kingdom Atomic Energy A u t h o r i t y ' s (U.K.A.E.A.) 
s e i s m i c r e c o r d i n g s t a t i o n i s s i t u a t e d i n s o u t h e r n S c o t l a n d and 
t h e d e t a i l s a r e g i v e n by T r u s c o t t ( 1 9 6 3 ) . I t c o n s i s t s o f an 
a r r a y o f s h o r t p e r i o d i n s t r u m e n t s and a l o n g p e r i o d t h r e e 
component s e t . The a r r a y c o n s i s t s o f 2 s t r a i g h t l i n e s o f 
o ** 
i n s t r u m e n t p i t s w h i c h i n t e r s e c t a t r i g h t a n g l e s (55 19' 59.0 N, 
3° 09 33.0 "w). The l i n e s c o n t a i n 10 or 11 p i t s , which a r e 
spaced 980 y a r d s h o r i z o n t a l d i s t a n c e a p a r t . The maximum 
d i f f e r e n c e i n a l t i t u d e between one p i t t o t h e ne x t i s 300 f t . 
The p i t s a r e e x c a v a t e d down t o w e l l c o n s o l i d a t e d bed r o c k . 
The f i e l d c a b l e s a r e b u r i e d t o a d e p t h o f 18 i n c h e s . 
The f i e l d i n s t r u m e n t a t i o n used f o r t h e a r r a y enables 
one o r two s h o r t p e r i o d seismometers t o be o p e r a t e d a t each p i t . 
A l l seismometers i n use a r e t h e MK I I t y p e o f W i l l m o r e w o r k i n g 
w i t h a n a t u r a l p e r i o d o f 1 second and a damping f a c t o r o f 0.6. 
Each seismometer i s p r o v i d e d w i t h a head a m p l i f i e r t o g i v e an 
improved s i g n a l / n o i s e l e v e l . P r o v i s i o n i s made f o r remote 
c a l i b r a t i o n o f t h e i n s t r u m e n t s . 
The s i g n a l s e n t e r i n g t h e r e c o r d i n g l a b o r a t o r y a r e a m p l i f i e d , 
f i l t e r e d ( l o w pass 15 c.p.s c u t o f f ) and frequ e n c y modulated f o r 
r e c o r d i n g on magne t i c t a p e . Each seismometer o u t p u t i s r e c o r d e d on 
s e p a r a t e t r a c k o f a 24 ch a n n e l tape-deck, u s i n g 1 i n c h wide t a p e 
on 14 i n c h r e e l s c a r r y i n g 7,200 f t . o f t a p e . T h i s g i v e s a 
r e c o r d i n g t i m e p e r r e e l j u s t over 3 days as t h e tape speed i s 0.3 
i n c h e s / s e c . The C a r r i e r f r e q u e n c y i s 270 c.p.s w i t h a peak 
d e v i a t i o n o f 33'''/3 %. Of t h e 24 t r a c k s a v a i l a b l e , 21 a r e used 
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f o r s i g n a l p urposes, one f o r t i m i n g and two f o r 'wow' and ' f l u t t e r ' . 
Time i s r e c o r d e d f r o m a coded t i m e r . T h i s c o n t a i n s a p r i m a r y 
c r y s t a l - c o n t r o l l e d s t a n d a r d , w i t h an accuracy o f about 1 p a r t i n 10^ 
Q 
( 0 . 1 second i n 11 d a y s ) , and a secondary s t a n d a r d o f 1 p a r t i n 10 
f o r c h e c k i n g p u r p o s e s . The p r i m a r y s t a n d a r d frequency i s counted 
down t o g i v e 1 second, 10 second and 1 mi n u t e markers o f coded 
w i d t h . Each m i n u t e marker precedes a t r a i n o f fi'^e 1-second 
marker p u l s e s , w h i c h f o r m a f i v e - b i t b i n a r y hour code. I n t h i s 
code, a o o r 1 i s r e p r e s e n t e d by a narrow o r wide p u l s e r e s p e c t i v e l y . 
S i m i l a r l y , t h e 10 second marker f o l l o w i n g t h e minute marker precedes 
a s i x - b i t m i n u t e code, and a f i v e - b i t day code a f t e r , t h e 20 second 
marker f o l l o w i n g t h e m i n u t e marker. The t i m e coder i s checked 
t w i c e d a i l y a g a i n s t t h e t i m e s t a n d a r d b r o a d c a s t s from s t a t i o n 
M.S.F., Rugby, England. 
o ' o ' 
The l o n g p e r i o d seismometers a r e i n a v a u l t (55 20 N, 3 11.3 W) 
and t h e y a r e one A.W.R.E. VSl l o n g - p e r i o d v e r t i c a l component 
seismometer and two A.W.R.E. H.S.2 l o n g p e r i o d h o r i z o n t a l component 
seismometers. The s i g n a l f r o m seismometers i s frequency modulated 
and r e c o r d e d on magnetic t a p e a t 0.1 in c h e s / s e c . The r e c o r d i n g 
i s done i n wide-band (15.5 sees, p e r i o d o r 0.0645 c/s f r e q u e n c y ) 
and narrow-band (10.0 sees, p e r i o d o r 0.1 c/s f r e q u e n c y ) . A l o n g 
w i t h s e i s m i c c h a n n e l s , t h e t i m e f r o m t h e chronometer i s r e c o r d e d 
on a s e p a r a t e t r a c k on t h e t a p e i n coded f o r m ( d e s c r i b e d a b o v e ) . 
F i g . ( 2 ) shows t h e phase response o f t h e l o n g - p e r i o d seismometers 
w h i c h i s same f o r a l l t h e t h r e e i n s t r u m e n t s . 
( i i ) P l a y - b a c k system a t t h e Seismology U n i t , Durham U n i v e r s i t y . 
The l o n g p e r i o d tapes r e c o r d e d a t Eskdalemuir s t a t i o n a r e p l a y e d 
back on t h e p l a y b a c k system a v a i l a b l e a t Durham. F i g . ( 3 ) and ( 4 ) 
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shows t h e b l o c k diagram o f t h e system and a p i c t u r e o f t h e whole 
system r e s p e c t i v e l y . The o u t p u t o f t h e tape heads goes t o t h e 
r e c o r d i n g pens t h r o u g h d e m o d u l a t o r s , f i l t e r s and a t t e n u a t o r s ( f i g . 3 ) 
The t a p e deck i s a 24 cha n n e l E.M.I. ta p e deck and k r o n h i t e 
m u l t i p u r p o s e f i l t e r s a r e used. 
The f r e q u e n c y modulated s i g n a l f r o m t h e tape heads was 
demodulated and a u n p l i f i e d b e f o r e g o i n g t h r o u g h t h e f i l t e r s . F i l t e r s 
were used i n t h e band-pass mode from 0.02 c/s t o 0.6 or 1.0 c/s. 
One f i l t e r was used f o r each c h a n n e l . The f i l t e r removed t h e h i g h 
f r e q u e n c y n o i s e superimposed on t h e l o n g p e r i o d s u r f a c e waves, so t h a t 
i t made p o s s i b l e , e a s i e r and more a c c u r a t e r e a d i n g o f t h e a r r i v a l 
t i m e s o f peaks and t r o u g h s o f a s u r f a c e wave t r a i n . These f i l t e r s 
n o t o n l y removes n o i s e b u t i n t r o d u c e s a phase s h i f t w h i c h must be 
t a k e n i n t o account i n t h e c a l c u l a t i o n o f group and phase v e l o c i t i e s . 
The phase response o f t h e f i l t e r s was e v a l u a t e d and f i g . 5 shows 
th e o v e r a l l phase response and group d e l a y o f t h e seismometer and 
f i l t e r . Because o f l i m i t e d number o f f i l t e r s , a t any one t i m e 
e i t h e r t h e t h r e e wide-band o r t h r e e narrow-band s e i s m i c channels 
were p l a y e d ( t o g e t h e r w i t h t i m e t r a c k ) . The tape was p l a y e d 
back a t 15/16 in c h e s / s e c and a paper speed o f 12.5 m.m/sec. was 
used. 
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CHAPTER IV 
( 1 ) S u r f a c e Wave d i s p e r s i o n d a t a o f I c e l a n d , N o r t h - A t l a n t i c 
and Jan Mayen I s l a n d r e g i o n . 
The d i s p e r s i o n o f R a y l e i g h waves and i n some events Love 
waves i s c a l c u l a t e d f r o m t h e l o n g p e r i o d r e c o r d s o f t h e Eskdalemuir 
a r r a y s t a t i o n f o r t h e earthquakes o r i g i n a t e d i n I c e l a n d and 
a l o n g t h e n o r t h M i d - A t l a n t i c r i d g e i n t h e p e r i o d August 1964 
t o December 1966. T a b l e 1 shows t h e g e o g r a p h i c a l p o s i t i o n o f 
t h e e p i c e n t e r s , and t h e magnitude a z i m u t h and o r i g i n t i m e 
o f t h e e v e n t s s t u d i e d . These a r e t a k e n f r o m t h e Gedess p r i n t 
o u t s o f t h e Seismology group o f A.W.R.E. B l a c k n e s t , England. 
The e p i c e n t r a l d i s t a n c e s g i v e n i n t h e T a b l e 1 a r e c a l c u l a t e d 
u s i n g a computer program, w h i c h i s d e s c r i b e d i n appendix I I . 
F i g . 6 shows t h e g e o g r a p h i c a l l o c a t i o n o f th e s e e v e n t s . 
One o f t h e f e a t u r e s observed on t h i s map i s about 54°N l a t i t u d e , 
t h e r e i s a g r a d u a l change i n t h e d i r e c t i o n o f earthquake 
b e l t f r o m N.N.E. t o S.S.E. and t h i s c o n t i n u e s up t o 50°N 
l a t i t u d e and t h e n a g a i n i t s d i r e c t i o n changes t o N.N.E. T h i s 
i s i n t e r p r e t e d by Ewing and Heezen (1956) as t h e p l a c e where 
t h e a x i s o f t h e mid-ocean r i d g e i s d i s p l a c e d by f r a c t u r e zones. 
The whole area s t u d i e d here i s d i v i d e d i n t o t h r e e 
d i f f e r e n t r e g i o n s 
( a ) I c e l a n d 
( b ) Jan Mayen and 
( c ) N o r t h A t l a n t i c ocean. 
T h i s d i v i s i o n has been made on t h e b a s i s o f group v e l o c i t y 
o f R a y l e i g h waves, w h i c h has t h r e e d i f f e r e n t ranges o f group 
v e l o c i t i e s f o r t h e t h r e e r e g i o n s . 
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( a ) Iceland Region 
I n the Iceland r e g i o n a l l the surface wave paths t o 
Eskdalemuir s t a t i o n are along the Iceland-Faeroes r i d g e . This 
r i d g e i s an aseismic r i d g e l i k e Walvis r i d g e i n the South 
A t l a n t i c . This r i d g e runs from Scotland t o Greenland through 
I c e l a n d . 
5 
F i g . 6 shows the geographical p o s i t i o n of the^earthquakes 
s t u d i e d from t h i s r e g i o n . Event 5 i s i n Iceland i t s e l f , where 
as, the Events 6,7,10 and 20 are north-west of Iceland. 
F i g . 7 shows the seismogram of Event 5, the top three 
traces are u n f i l t e r e d and the bottom three are passed through 
a band-pass f i l t e r (0.02 t o 1.0 c / s ) . A l l the high frequency 
noise superimposed on the seismic traces i s removed on the lower 
t r a c e s . Surface waves are seen on a l l the three components 
and then i t i s a question of determining which are Rayleigh 
waves and which are Love waves. The surface waves recorded 
on the v e r t i c a l component are pure Rayleigh waves because Love 
waves which does not have v e r t i c a l component. Also i n 
Rayleigh waves the p a r t i c l e motion i s retrograde and e l l i p t i c a l 
and Fig.8 shows t h i s c l e a r l y f o r the waves on the v e r t i c a l and 
north-south component. The surface waves recorded on h o r i z o n t a l 
component are a mixture of Rayleigh as w e l l as Love waves. 
A f t e r the main t r a i n of Rayleigh waves on v e r t i c a l component 
there are two groups of a r r i v a l s (Fig.7) of more or less equal 
p e r i o d and the p a r t i c l e motion showed a prograde e l l i p s e instead 
of r e t r o g r a d e . So these waves are not considered as Rayleigh 
waves i n the c a l c u l a t i o n of d i s p e r s i o n . 
S o u 27 
i 3 
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PARTICLE MOTION OF RAYLEIGH WAVES 
Fig.8. 
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The phse and group v e l o c i t i e s are c a l c u l a t e d using the 
one s t a t i o n method of Brune e t . a l . (1960) described i n Chapter 
X L Table I I shows a model c a l c u l a t i o n of dis p e r s i o n f o r the 
Event 5 and Fig.9 shows the phase and group v e l o c i t i e s . Phase 
v e l o c i t i e s are c a l c u l a t e d f o r three d i f f e r e n t order numbers, n=o,o, 
0.5 and 1.0, as was shown i n Chapter I I , t h i s method gives an 
i n f i n i t e number of phase v e l o c i t y curves because n can be given 
any value. From the Fig.9 i t i s evident t h a t the phase 
v e l o c i t y increases w i t h the order number and also the slope i s 
steeper f o r higher order numbers. The phase v e l o c i t y values 
f o r higher order numbers l i k e n = 3.0,4,0 or 5.0 are much higher 
than the values already c a l c u l a t e d . The phase v e l o c i t y values 
i n the p e r i o d range 12 sec t o 35 sees cannot be higher than 
3,8 t o 4,0 Km/sec, even f o r an oceanic s t r u c t u r e (Dorman 
e t , a l , , 1960) and so the existence of phase v e l o c i t y values f o r 
higher order numbers i s very u n l i k e l y . Hence, one can reduce 
the p o s s i b l e phase v e l o c i t y values from i n f i n i t y t o few. 
I n t h i s p a r t i c u l a r case the phase v e l o c i t i e s are ca l c u l a t e d 
f o r three d i f f e r e n t order numbers ( F i g , 9 ) , 
The upper curve was computed on the assumption t h a t the 
f i r s t peak on the record (uncorrected a r r i v a l time, 04 02 46,5) 
has order number 1,0, as i n d i c a t e d by w r i t i n g n=l,0 next t o the 
curve i n Figure 9, This would mean t h a t the t r a v e l l i n g plane 
waves were i n i t i a l l y i n phase as peaks a t the o r i g i n . The 
middle surve i s based on the assumption t h a t t h i s same peak 
has peak order number 0,5, corresponding t o t r a v e l l i n g waves 
i n i t i a l l y i n phase as trough a t the o r i g i n . S i m i l a r l y , the lower 
curve i s based on the assumption t h a t t h i s peak has order number 
0,0, corresponding t o peaks a t the o r i g i n . 
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I n the c a l c u l a t i o n of phase v e l o c i t y , phase delay (or 
group delay i n the case of group v e l o c i t y ) f o r the seismometer 
and f i l t e r used (Fig,5) are taken i n t o account. 
Figure 10 shows the Rayleigh wave disp e r s i o n of a l l 
the 5 events from Iceland r e g i o n . I n a l l these events 
Rayleigh wave d i s p e r s i o n i s c a l c u l a t e d from v e r t i c a l component 
recor d and Love waves are not found on h o r i z o n t a l components. 
Rayleigh waves of peri o d 14 sees, t o 32 sees, are recorded f o r 
these events. 
Surface waves of peri o d less than 10 sees, are not 
recorded from earthquakes i n Iceland, N o r t h - A t l a n t i c ocean 
or Jan Mayen regions, and t h i s i s a c h a r a c t e r i s t i c of North-
A t l a n t i c c o n t i n e n t a l margin (Sykes e t . a l , , 1964), This 
absence of lower p e r i o d waves was explained by the at t e n u a t i o n 
of waves of p e r i o d less than 10 seconds at the c o n t i n e n t a l 
margin or the mechanism by which earthquakes o r i g i n a t e i n the 
N o r t h - A t l a n t i c ocean may not produce surface waves of peri o d 
less than 10 seconds, 
(b) Jan Mayen I s l a n d Region 
I n the Jan Mayen r e g i o n , 8 earthquakes have been studied 
and the geographical p o s i t i o n of these events ar^shown i n 
Fig.6, The surface wave paths from these earthquakes t o 
Eskdalemuir s t a t i o n pass through a pa r t of the Iceland-Faeroes 
r i d g e . 
Figure 11 and 12 shows the seismic records of Events 31 and 
22. I n both cases Rayleigh and Love waves are recorded. As 
these two events are due n o r t h of the recording s t a t i o n , pure Love 
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waves (Fig.11 and 12) are seen on the East-West component records 
and a mixture of both on the North-South components. The 
p a r t i c l e motion of the Love waves on the East-West component 
shows a h o r i z o n t a l motion and Fig.13 shows the h o r i z o n t a l motion 
of Love waves i n the case of Event 31. 
Rayleigh wave d i s p e r s i o n i n a l l these events i s c a l c u l a t e d 
from v e r t i c a l component records and Fig.14 shows the dispersion. 
The phase v e l o c i t y valies are given f o r only one order number 
i n each earthquake, shown i n Fig.14. Love waves are seen 
c l e a r l y i n the case of Events 13, 26, 22 and 31 and F i g . 15 
shows the d i s p e r s i o n . 
Rayleigh waves of p e r i o d 14 sees, to 30 seconds are 
recorded, the group v e l o c i t y a t 14 sees, i s about 3.1 km/sec 
and at 30 seconds i s 3.8 km/sec (Fig.14). The s c a t t e r i s 
about 0.08 km/sec. a t each p e r i o d and the group v e l o c i t y 
at 16 sees, peri o d i s about 0.2 km/sec. higher than the 
corresponding group v e l o c i t y from the earthquakes i n Iceland 
r e g i o n . At 30 sees, p e r i o d the group v e l o c i t y i s only 0.1 
km/sec, higher than t h a t over the Iceland r e g i o n . On the 
whole the group v e l o c i t y of the events from Jan Mayen 
re g i o n i s higher than t h a t of Iceland r e g i o n , 
( c ) N o r t h - A t l a n t i c Ocean Region 
I n the N o r t h - A t l a n t i c Ocean 26 earthquakes have been 
s t u d i e d w i t h epicenters between the l a t i t u d e 45°N and 63°N. 
The geographical p o s i t i o n s are shown i n Fig.6. The surface 
wave paths from these epicenters t o Eskdalemuir s t a t i o n includes 
the eastern p a r t of N o r t h - A t l a n t i c ocean and does not include 
the Iceland-Faeroes r i d g e . 
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PARTICLE MOTION OF LOVE WAVES 
Fig,13 
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Rayleigh wave di s p e r s i o n i s c a l c u l a t e d from v e r t i c a l 
component records i n a l l these events and Love waves are 
seen c l e a r l y i n the case of Events 4 and 42 on North-South 
component. Figure 16 shows the seismogram of Event 17, 
Rayleigh waves can be seen both on v e r t i c a l and east-west 
components. No waves are recorded on North-South component. 
Figure 17 shows the seismogram of Event 42 and one of the 
feat u r e s of t h i s record i s t h a t no Rayleigh waves are observed 
on v e r t i c a l component or East-West component and only Love waves 
on the North-South component. I n a case l i k e t h i s i t i s 
d i f f i c u l t t o f i n d whether the waves on the North-South component 
are Rayleigh waves or Love waves. I f they are Rayleigh waves, 
i t should be seen e i t h e r only on v e r t i c a l component or on 
both v e r t i c a l and h o r i z o n t a l component. I f they are Love 
waves i t can be seen only on North-South components because the 
ep i c e n t r e i s due west t o the Eskdalemuir s t a t i o n . Because i t 
i s s a t i s f y i n g the l a t e r c o n d i t i o n , i t i s judged t h a t the waves 
recorded on North-South component (Fig,17) are Love waves but not 
Rayleigh waves. Figure/8 shows the Love wave dispe r s i o n of 
Events 4 and 42, 
Of the 26 events from the N o r t h - A t l a n t i c ocean region, 
8 events are reported as from the N o r t h - A t l a n t i c r i dge and t h i s 
i s taken from Gedess r e p o r t s given by the A,W,R,E, Blacknest, 
The Rayleigh wave d i s p e r s i o n of these 8 events (Fig,19) are 
p l o t t e d separately from the other events i n t h i s region t o see 
whether there i s any d i f f e r e n c e i n phase and group v e l o c i t i e s . 
One of the features observed i n Fig,19 i s t h a t from 14 
sees, p e r i o d t o 19 sees, p e r i o d the group v e l o c i t y i s increasing 
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r a p i d l y w i t h p e r i o d whereas above 19 seconds the group v e l o c i t y 
i s i n c r e a s i n g s l o w l y w i t h p e r i o d . The s c a t t e r i n grouiS v e l o c i t y 
Fig.19 a t any p e r i o d i s of the order of 0.1 km/sec. and 
on the whole the group v e l o c i t i e s a re higher by 0.2 km/sec, over 
t h a t of I c e l a n d r e g i o n , even when the s c a t t e r i s taken i n t o 
c o n s i d e r a t i o n . 
F i g u r e 20 and 21 shows the Rayleigh wave d i s p e r s i o n of the 
r e s t of the events from N o r t h - A t l a n t i c ocean. The s c a t t e r i n 
the group v e l o c i t y i s higher than t h a t of the N o r t h - A t l a n t i c r i d g e . 
One of the reasons f o r t h i s high amount of s c a t t e r i s that these 
paths i n c l u d e a wider p a r t of the e a s t e r n p a r t of N o r t h - A t l a n t i c 
ocean and the d i s t r i b u t i o n of sediments and the depth of the ocean 
co u l d be d i f f e r e n t i n d i f f e r e n t a reas of t h i s p a r t i c u l a r part 
of the ocean. 
( i i ) Appearance of Love and R a y l e i g h waves 
There i s an i n t e r e s t i n g f a c t about the appearance of Love 
and R a y l e i g h waves. For example, there are many cases when one 
of t h e s e two k i n d s of s u r f a c e waves i s not developed c l e a r l y . 
R a y l e i g h waves should appear on a v e r t i c a l component record 
independent of both of the azimuth of an e p i c e n t e r to an observation 
s t a t i o n and of the c r u s t a l s t r u c t u r e along the path. Therefore, 
i n the c a s e of R a y l e i g h waves, i f the v e r t i c a l component seismograph 
has s u i t a b l e p e r i o d response c h a r a c t e r f o r the a r r i v i n g energy 
of the s u r f a c e waves, d i s p e r s i o n data can always be obtained f o r 
a c o n s i d e r a b l e p e r i o d range from the r e c o r d . I n the case of Love 
waves, however, th e r e a r e some disadvantageos c o n d i t i o n s f o r 
observing the d i s p e r s i v e wave t r a i n long enough to obtain d i s p e r s i o n 
data over a p e r i o d of s u f f i c i e n t l y wide range. 
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These disadvantageous c o n d i t i o n s a r e ( i ) when the c r u s t a l 
s t r u c t u r e along the t r a v e l l i n g path i s a purely oceanic one, Love 
waves a r e almost non d i s p e r s i v e f o r the periods approximately longer 
than 25 seconds. Therefore, Love waves of these periods reach the 
o b s e r v a t i o n s t a t i o n approximately a t the same time. As a 
r e s u l t , the wave form of Love waves becomes l i k e a pulse -
( i i ) When the d i r e c t i o n of the e p i c e n t e r from the observation 
s t a t i o n makes an angle around 45° w i t h the d i r e c t i o n of motion 
of the two p e r p e n d i c u l a r l y i n s t a l l e d h o r i z o n t a l seismographs, 
R a y l e i g h waves appear not only i n the r e c o r d of the v e r t i c a l 
component but i n the records of the two h o r i z o n t a l ones. Therefore, 
i f the e p i c e n t r a l d i s t a n c e i s s m a l l , the wave t r a i n of Love waves 
w i l l be d i s t u r b e d by the a r r i v a l of R a y l e i g h waves. Because of 
the above reasons. Love waves could not be seen on the records of 
earthquakes from I c e l a n d r e g i o n , f o r example Event 5 ( F i g . 7 ) . 
I n the Jan Mayen and North A t l a n t i c ocean region,some 
earthquakes produced only R a y l e i g h waves and i n some cases both 
R a y l e i g h and Love waves a r e observed a t Eskdalemuir s t a t i o n . 
S i m i l a r t h i n g was found i n Tokyo (Santo, 1961,C). Bath and 
Vogel (1958) reported t h a t earthquakes i n the Jan Mayen region 
e x h i b i t two d i f f e r e n t appearances on records of near by s t a t i o n s : 
c l a s s ( a ) w i t h extremely w e l l developed R a y l e i g h waves, c l a s s (b) 
w i t h poorly developed or m i s s i n g Love waves but c l e a r Rajteigh waves. 
They e x p l a i n e d the c l e a r d i s t i n c t i o n between c l a s s ( a ) and c l a s s (b) 
as due to d i f f e r e n t f o c a l depths, i . e . t h a t earthquakes of class<aj 
o r i g i n a t e w i t h i n the s u p e r f i c i a l l a y e r and those of c l a s s ( b j o r i g i n a t e 
i n the lower medium, by c o n s i d e r i n g a two l a y e r e d c r u s t . The 
Eunplitude of Love waves vary as harmonic f u n c t i o n s of the f o c a l depth 
f o r f o c i w i t h i n the l a y e r , whereas they decrease e x p o n e n t i a l l y 
downward f o r f o c i i n the lower medium (Sezawa, 1935; Sato, 1952). 
Only a s m a l l d i f f e r e n c e i n f o c a l depth may be r e q u i r e d to c r e a t e the 
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jtwo d i s t i n c t c l a s s e s a and b. Considering the above reasons, 
i n the c a s e of Event 42, where, only Love waves a r e observed 
( F i g . 1 7 ) i t i s a c l a s s a type. But the f o c a l depth reported 
by U.S.C.G.S. f o r a l l these events a r e 33 kms that means i t 
co u l d be anywhere between 0 and 33 kms. So the f o c a l depth of 
Event 42 could be s h a l l o w e r than the r e s t and so i t i s observed 
as c l a s s ( a ) type. 
( i i i ) Higher mode s u r f a c e waves 
Neit h e r higher mode Rayleigh or Love waves are observed 
i n these r e c o r d s , the reason i s that e i t h e r the e p i c e n t r a l 
d i s t a n c e s i s too s m a l l to produce higher modes or they have been 
absorbed w h i l e c r o s s i n g the c o n t i n e n t a l margin. Sykes and O l i v e r 
(1964) found t h a t higher modes a re propagated on both oceanic 
and c o n t i n e n t a l s t r u c t u r e s but not u s u a l l y propagated across 
o c e a n i c / c o n t i n e n t a l boundaries or a c r o s s mid-ocean r i d g e s . 
These a r e probably upward l i n k s of convection c e l l s beneath 
mid-ocean r i d g e s and downward limbs beneath most o c e a n i c / c o n t i n e n t a l 
margins and the a t t ^ e n u a t i o n of higher modes i n these areas may 
be p a r t l y due to a l i g n e d e l a s t i c s t r u c t u r e s with non-horizontal 
planes of symmetry (Crampin, 1967). 
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CHAPTER V 
I n v e r s i o n techniques of i n t e r p r e t a t i o n of s u r f a c e wave d i s p e r s i o n data 
The u s u a l method of i n t e r p r e t i n g s u r f a c e wave data i s by an 
i n d i r e c t t r i a l and e r r o r procedure d e s c r i b e d i n Chapter V I . 
Even w i t h high speed computer t h i s process i s tedious, p a r t i c u l a r l y 
i f t h e r e a r e no c l e a r guide l i n e s concerning how the model should 
be modified. A l s o , no statement can be made about the c l a s s of 
models t h a t a r e e q u a l l y s a t i s f a c t o r y . The other method of 
i n t e r p r e t i n g s u r f a c e wave d i s p e r s i o n data i s to f i n d a given s e t 
of observed d i s p e r s i o n data the corresponding e a r t h model. T h i s 
method i s known as i n v e r s i o n of s u r f a c e wave d i s p e r s i o n data. T h i s 
cannot be done d i r e c t l y because the number of equations i s l e s s than 
the number of unknown q u a n t i t i e s i n the theory of siurface wave 
d i s p e r s i o n . Various people attempted the s o l u t i o n s of the s u r f a c e 
wave i n v e r s e problem by making some mathematical approximations. 
I n t h i s chapter a b r i e f review of the methods developed by 
Takahashi (1955, 1957), Knopoff (1961), Archambeau (1961), Dorman 
and Ewing (1962) and Archambeau and Anderson (1963) are given. 
I n an elegant a p p l i c a t i o n of the JWKB method Takahashi 
was a b l e to express the i n v e r s e r e l a t i o n s h i p , v a l i d f o r s h o r t 
wavelengths i n terms of an i n t e g r a l equation which was amenable 
to numerical i n t e g r a t i o n . Knopoff (1961) i n v e s t i g a t e d the 
a l t e r n a t e approach to t h i s problem, the Born approximation, v a l i d 
f o r long wavelengths and s t r e s s e d the l a c k of uniqueness f o r t h i s 
method of a t t a c k . 
Sato (1958) a p p l i e d Takahashi's method to the i n v e r s i o n 
of G-wave data and under the assumption of a continuously i n c r e a s i n g 
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v e l o c i t y and a f l a t e a r t h d e r i v e d a shear v e l o c i t y s i m i l a r 
to J e f f r e y - B u l l e n . Archambeau (1961) developed Knopoff's 
p e r t u r b a t i o n technique i n order to ob t a i n the mean v a r i a t i o n 
of d e n s i t y and r i g i d i t y w i t h depth expressed i n terms of 
p olynomials. 
Dorman and Ewing (1962) thought t h a t the ambiguity 
noted by Knopoff could be removed by u s i n g simultaneous d i s p e r s i o n 
data i n more than one mode (R a y l e i g h and Love modes, fundamental 
and higher modes e t c . ) No i n v e r s i o n theory has been o f f e r e d 
p r e v i o u s l y which permits use of simultaneous data i n more than one 
mode. Moreover, the p r a c t i c a l d i f f i c u l t y of f i n d i n g such 
a s o l u t i o n by t r i a l and e r r o r i n v e r s i o n i s very g r e a t . They 
de v i s e d a method of f i n d i n g the d e s i r e d i n v e r s e s o l u t i o n on the 
b a s i s of a known method of d i s p e r s i o n c a l c u l a t i o n combined w i t h 
the w e l l known technique of curve f i t t i n g by l e a s t - s q u a r e a n a l y s i s . 
I n t h i s method i n i t i a l l y we have a s e t of experimentally observed 
phase v e l o c i t y d i s p e r s i o n data, and we have to assume a p r e l i m i n a r y , 
approximate, l a y e r e d earth-model. The phase v e l o c i t y f o r the 
model i s then c a l c u l a t e d t h e o r e t i c a l l y by the method of H a s k e l l ' s 
m a t r i c e s a t the p e r i o d of each observed phase v e l o c i t y datum. 
A l s o , by d i s p e r s i o n c a l c u l a t i o n s we o b t a i n t h e o r e t i c a l values 
of d e r i v a t i v e s of the form d c / d p , where c i s a t h e o r e t i c a l 
phase v e l o c i t y and p i s a parameter of a l a y e r e d s t r u c t u r e . A 
r e c t a n g u l a r a r r a y of these d e r i v a t i v e s i s c a l c u l a t e d which 
c o v e r s the phase v e l o c i t i e s a t the period of each observed 
phase v e l o c i t y datum and covers each parameter t h a t i s to be 
e v a l u a t e d . The a r r a y of d e r i v a t i v e s i s the matrix of c o e f f i c i e n t s 
of l i n e a r equations r e l a t i n g the d e s i r e d parameter c o r r e c t i o n s 
to the d i f f e r e n c e s between the corresponding t h e o r e t i c a l and 
observed phase v e l o c i t y v a l u e s . Terms of order higher than the 
f i r s t a r e n e g l e c t e d . I f the number of equations or the number of 
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observed data exceeds the number of parameters, a l e a s t squares 
e v a l u a t i o n of the parameter c o r r e c t i o n i s done. A f t e r s e v e r a l 
r e p e t i t i o n s of t h i s process the c o r r e c t i o n s approach z e r o . 
They a p p l i e d t h i s method to the problem of crust-mantle 
s t r u c t u r e i n the New York-Pennsylvania a r e a by r e i n t e r p r e t i n g 
the R a y l e i g h wave d i s p e r s i o n data of O l i v e r , Kovach and Dorman 
( 1 9 6 1 ) . An i n c r e a s e i n tie number of modes i n which experimental 
data a r e a v a i l a b l e , a broadening of the spectrum i n each mode 
and a decrease i n the s c a t t e r of the data a r e f a c t o r s which 
improve the performance of the i n v e r s i o n c a l c u l a t i o n . 
Archambeau and Anderson (1963) developed a method of 
i n v e r s i o n of s u r f a c e wave d i s p e r s i o n data u s i n g a p e r t u r b a t i o n 
scheme which has i t s b a s i s i n Rayleigh's P r i n c i p l e . That i s , 
an i n i t i a l s t r u c t u r e i s assumed and then perturbed u n t i l i t s 
t h e o r e t i c a l d i s p e r s i o n agrees w i t h the observed d i s p e r s i o n 
to w i t h i n some p r e s e l e c t e d degree of accuracy. The problem 
i s t h e r e f o r e to determine the necessary p e r t u r b a t i o n s f o r 
r a p i d convergence of the t h e o r e t i c a l spectrum to the observed 
spectrum. 
I n a c o n s e r v a t i v e dynamic system the mean k i n e t i c and mean 
p o t e n t i a l e n e r g i e s a r e equal i n any normal mode of v i b r a t i o n and 
the Lagrangian v a n i s h e s , 
L = T-V = o 
For Love waves the L»grangian i s 
<« * 
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For a f i x e d w i f , yU-o and a r e the a c t u a l d i s p e r s i o n 
and s t r u c t u r a l parameters and K i s the s o l u t i o n r e s u l t i n g 
from the t r i a l parameters p and ^ , then, by Rayleigh's 
p r i n c i p l e 
Li(^c,<o) ^ j ( p ^ d p ) o j " ' - a % z - j(ijJi-hdiu)C_K->-dK)]i'(ll 
The term ^ K i s the discrepancy between the observed 
and fhe t r i a l d i s p e r s i o n curves a t a common UJ, Then 
The c o n d i t i o n t h a t the s t r u c t u r e s a t i s f y the data tCoo,K)^o 
By e x p r e s s i n g the t r i a l s t r u c t u r e by polynomials the parameter 
v a r i a t i o n s appear as v a r i a t i o n s of the polynomial c o e f f i c i e n t s 
and the s i z e of the matrix to be i n v e r t e d can be descreased. 
Another method was the a n a l y t i c a l p a r t i a l d e r i v a t i v e s 
d e s c r i b e d by Anderson ( 1 9 6 4 ) . I f dCc i s the discrepancy 
between the data and a t h e o r e t i c a l s o l u t i o n f o r a t r i a l l a y e r e d 
s t r u c t u r e a t a given p e r i o d 
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where the summation i s over a l l l a y e r s and a l l parameters, p. 
I n m a t r i x n o t a t i o n 
C = A P 
I f t h e r e i s m observations and the t r i a l s t r u c t u r e c o n s i s t s 
of n unknowns then c i s a column vector of m elements, A i s an 
m X n m a t r i x of p a r t i a l d e r i v a t i v e s and P i s a column ve c t o r of 
m elements. 
Then 
T - I T P = (A A) -^ A^ C 
T 
i s the s o l u t i o n i n the l e a s t squares sense. A A i s a square 
m a t r i x , m x n. 
The d i f f i c u l t problem of uniqueness has not r e c e i v e d a 
s a t i s f a c t o r y treatment. Although the p e r t i n e n t v a r i a b l e s of 
the problem ( p and yU. f o r Love waves, and p , and A for 
R a y l e i g h waves) a r e 'decoupled', t h e i r e f f e c t on d i s p e r s i o n 
as a f u n c t i o n of p e r i o d i s q u i f e d i f f e r e n t . As a p r a c t i c a l r a t h e r 
than a t h e o r e t i c a l question a u s e f u l t e s t f o r uniqueness would 
be the l i n e a r independence of the ' i n v e r s i o n ' or 'perturbation 
f u n c t i o n s ' however obtained. Because of the l i m i t a t i o n s of 
the data there i s always a c e r t a i n l a c k of uniqueness but i t seems 
p o s s i b l e , n e v e r t h e l e s s , to s p e c i f y a mean s t r u c t u r e and e s t a b l i s h 
p r a c t i c a l bounds on t h i s s t r u c t u r e . 
M c E v i l l y (1964) i n t e r p r e t e d the fundamental mode Rayleigh 
and Love waves phase v e l o c i t i e s measured i n the c e n t r a l United 
S t a t e s , u s i n g the concept of constant p a r t i a l d e r i v a t i v e s of phase 
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v e l o c i t y w i t h r e s p e c t to l a y e r parameters i n a l e a s t - s q u a r e s 
i n v e r s i o n scheme. He was not a b l e to f i t both Rayleigh 
and Love wave data by p e r t u r b i n g the i n t i a l s t r u c t u r a l model 
w i t h a simple i s o t r o p i c v e l o c i t y d i s t r i b u t i o n . He concluded 
t h a t i t could e i t h e r be due to anisotropy i n the upper mantle 
or s y s t e m a t i c e r r o r s i n the phase v e l o c i t y measurements. 
I n the p r e s e n t study, t h i s i n v e r s i o n technique was not 
used i n the i n t e r p r e t a t i o n because f i r s t of a l l the phase 
v e l o c i t y v alues a r e approximate and the s c a t t e r i n the data 
i s more and secondly i t does not s o l v e the problem of unique 
i n t e r p r e t a t i o n . 
56 
Chapter VI 
Before 1960, p r e c i s e o b s e r v a t i o n a l data could be f i t t e d 
only approximately, because the s u r f a c e wave computations f o r 
models of more than two or th r e e l a y e r s became too complex 
to be handled on a desk c a l c u l a t o r . The i n t r o d u c t i o n of 
e l e c t r o n i c d i g i t a l computers permits r a p i d c a l c u l a t i o n of 
d i s p e r s i o n curves f o r r e a l i s t i c models, c o n t a i n i n g any number 
of l a y e r s . A b i l i t y to s o l v e such complex problems i s due 
i n l a r g e p a r t to the matrix i t e r a t i o n method of H a s k e l l (1953), 
which formulates the computation of Love wave and Rayleigh 
wave d i s p e r s i o n , i n c l u d i n g higher modes of both types, f o r models 
c o n s i s t i n g of any number of f l a t - l y i n g , homogeneous, i s o t r o p i c 
s o l i d or l i q u i d l a y e r s . The d e t a i l s of H a s k e l l ' s method are 
given below: 
D i s p e r s i o n of S u r f a c e waves on M u l t i l a y e r e d media. 
( i ) B a s i c Theory 
Consider plane waves of angular frequency jp and h o r i z o n t a l 
phase v e l o c i t y c propagated i n a s e m i - i n f i n i t e medium made up 
of n p a r a l l e l , homogeneous, i s o t r o p i c l a y e r s . For the present 
assume a l l the l a y e r s a r e s o l i d . The x a x i s i s taken 
p a r a l l e l to the l a y e r s and p o s i t i v e values a r e taken i n the 
d i r e c t i o n of propagation. The v a r i o u s l a y e r s and i n t e r f a c e s 
a r e numbered away from the f r e e s u r f a c e , as shown i n F i g . ( 2 2 ) . 
C onsider R a y l e i g h waves, which has got no displacement i n 
the y - d i r e c t i o n and t h a t the amplitude diminishes e x p o n e n t i a l l y 
i n the +Z d i r e c t i o n i n the s e m i - i n f i n i t e l a y e r . 
For the m^. l a y e r l e t 
P m - d e n s i t y 
m = t h i c k n e s s 
•^ m, f ^ m = Lame e l a s t i c constants 
in 
UJ 
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cL ra = v e l o c i t y of propagation of d i l a t a t i o n a l waves 
P' m = v e l o c i t y of propagation of r o t a t i o n a l waves 
k = />/c - 2.TT/ wavelength ( h o r i z o n t a l ) 
0(TT\ 
'A 
'1^ 
u,U - displacement components i n x and z d i r e c t i o n s 
<r~ = - normal stress 
T = X - t a n g e n t i a l stress 
Then as i s w e l l known, p e r i o d i c s o l u t i o n s of the e l a s t i c 
equations of motion f o r the m*^  layer may be found by combining 
d i l a t a t i o n a l wave s o l u t i o n s . 
w i t h r o t a t i o n a l wave s o l u t i o n s , 
59 
( VIZ; 
where A ' , A ", ^  ' and W " are constants. The term A ' 
represents a plane wave whose d i r e c t i o n of propagation makes an 
angle c^jt ' w i t h the -i-Z d i r e c t i o n when i s r e a l , and 
a wave propagated i n the +X d i r e c t i o n w i t h amplitude diminishing 
e x p o n e n t i a l l y i n the +Z d i r e c t i o n when "V^ ^ i s imaginary. S i m i l a r l y , 
the term i n A " represents a plane wave making the same angle w i t h m 
the -Z d i r e c t i o n when i s r e a l and a wave propagated i n the +X 
d i r e c t i o n w i t h amplitude increasing exponentially i n the +Z d i r e c t i o n 
when i s imaginary. The same apply t o the terms i n W ' and 
W^ " w i t h Tp^ and s u b s t i t u t e d f o r ~>^^ 
The displacements and p e r t i n e n t stress components corresponding 
t o the d i l a t i o n and r o t a t i o n given by (Vl.1) and (VI.2) 
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The boundary co n d i t i o n s t o be met at an i n t e r f a c e between two 
layers are t h a t these four q u a n t i t i e s s h a l l be continuous. 
C o n t i n u i t y of displacements i s answered i f the corresponding 
v e l o c i t y components and w are made continuous. Since, 
i s same i n a l l l a y e r s , we can take f^/c and fc t o be 
continuous. S u b s t i t u t i n g the expressions (Vl.l) and (V/.2) 
i n equation (VI.3) t o (VI.6) and expressing the exponential 
f u n c t i o n s of Lki'"^ i n tr i g o n o m e t r i c form, we get 
Vr I " I I' 
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When any V-'s are imaginary, the tr i g o n o m e t r i c functions changes 
t o the corresponding hyperbolic f u n c t i o n s . Placing the o r i g i n 
of -Z a t the Jm-1)*'^ i n t e r f a c e , the l i n e a r r e l a t i o n s h i p between 
the values of /c , ^ /c , <r , T at the (m-1)*^ i n t e r f a c e 
and the constants (A ' + A " ) , (A ' - A " ) , (w ' -OJ " ) , and 
m "m m "m m m (W ' + W ") may be represented by the transformation m m 
(v(/0 
where E i s the m a t r i x m 
-7n = 
0 
V, in 
p u t t i n g Z = d^ i n equations (VI.7) t o (VI. 10) gives the values 
of ^/c e t c . a t the m*^  i n t e r f a c e i n terms of 4 m' 4 n," • 
where D i s the m a t r i x m 
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2_ 2_ 
( V)-i4) 
w i t h = K d^ and = Kr^^^d--, 
The constants A ' + A " e t c . may be eliminated between m m 
equations (VI. 11) and (VI. 13), g i v i n g a l i n e a r r e l a t i o n s h i p between 
the values of ^ , w /c , cr , and X at the top and bottom of 
the m*'^  layer t h a t may be expressed symbolically by the equation. 
where E '''is the inverse of E and i s given by m m 
- I 
(VMfc) 
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From equations (Vl.14) and (VI.16) the elements of the matrix 
product O/ = D E '" may be computed as f o l l o w s : m m m 
- I , 
CO'-w ] 23 - i^(p-^c^) ( A v r , " ? ^ ^  y f i . ( p ^ ) 
(^ Oj-m)2.4 -
(0^^)41 = 
C O J - T ^ ) 2.1 
CcX;'r«)44 -
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Now the boundary conditions r e q u i r e t h a t the values of 
t h 
^ / c , ^ /c , CT, and X computed at the top of the m 
l a y e r be the same as the values computed at the bottom of the 
(m-1)^^ l a y e r . This means t h a t we may w r i t e 
By repeated a p p l i c a t i o n of equation (VI. 17) we have 
and by a p p l i c a t i o n of the inverse of equation (VI. 11) f o r the n**^  layer. 
(Uo/c,6jo/<: ^CT-<5^  To) 
Equation (VI. 19) i s a p p l i c a b l e t o surface waves or t o waves tr a n s m i t t e d 
through the layered medium. I n the case of Rayleigh waves, the 
boundary cond i t i o n s are t h a t there are no stresses across the free 
surface, so t h a t X = ^  = o, and no sources at i n f i n i t y , so t h a t 
A " = " = 0. W r i t i n g J f o r the mat r i x product E '''^  a a ....a, , n n n n — l n—^ i 
equation (V/. 19) becomes. 
•n ' n n n 
o r , e x p l i c i t l y 
CO, 
T32 ^o/c 
^42. i ^ o / ^ 
By e l i m i n a t i n g A and w^' we have. 
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C \/l Zo) 
Mo ^-'^2• ~ -'12-
J 3 1 - 41 
Since the elements of the m a t r i x J are functions of the parameters 
C and K, equation (VI. 21) provides an i m p l i c i t r e l a t i o n s h i p between 
C and K, which i s the desired phase v e l o c i t y dispersion f u n c t i o n . 
S e t t i n g A = a T , a ,....a and using equation (VI.16) 
1 n^J. n ^ J. 
f o r E^ , equation (V(. 21) may be w r i t t e n i n the form 
where 
L 
N 
( V/-23) 
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The m a t r i x a f o r a l i q u i d layer m 
I n the case of l i q u i d l a y e r , i f we put d i r e c t l y Pm=o, a 
d i f f i c u l t y a r i s e s because the m a t r i x E^ as defined by equation 
(V/.12) becomes s i n g u l a r and E^ ^ does not e x i s t . However, 
we may define an e f f e c t i v e transformation as f o l l o w s : 
p u t t i n g ^ m~°' 
equation(VlJLl) becomes 
Since i n an i d e a l l i q u i d , c o n t i n u i t y of the t a n g e n t i a l displacement 
a t a s o l i d boundary i s not a r e q u i r e d c o n d i t i o n , the f i r s t of 
these equations i s i r r e l e v a n t and we may w r i t e . 
2-
A l s o , since r o t a t i o n a l waves do not e x i s t i n the l i q u i d w^ ' -
U " = 0. The tr a n s f o r m a t i o n ( A ' + A ", A' - A , " , C J ' - W " , 
PI m m m m m m 
which i s the e f f e c t i v e inverse of E , t h e r e f o r e has the m a t r i x , 
0 
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0 -(C^la(^]\ 0 
(Y12-4-) 
For l^-m''^ the m a t r i x D takes the form 
0 
From (V/.24) and (V/.25) we get 
0 
0 
0 ''('<^'^^ i^^ 'P-'V' 
From (V(.26) we can see t h a t i n the case of l i q u i d layer the 
arguments of the mat r i x a are C, T, h^, fim, fm. 
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Haskell t r e a t e d the case of a l i q u i d layer o v e r l y i n g the 
s o l i d c r u s t and mantle of the e a r t h by w r i t i n g f o r each layer 
the iaatrices given by equation (VI.15) or equation (V(.26) depending 
whether i t i s s o l i d or l i q u i d layer and then applied the boundary 
c o n d i t i o n s f o r Rayleigh waves. The case when a s o l i d layer over 
l i e s a l i q u i d l a y e r , the Haskell's m a t r i x leads t o o v e r s p e c i f i e d 
boundary c o n d i t i o n s . To overcome t h i s Dorman (1962) modified 
the 4 x 4 l i q u i d - l a y e r m a t r i x given by equation (V/.26) t o a 
2 x 2 m a t r i x as f o l l o w s : 
r 
7n 
A l s o , he has shown t h a t the boundary conditions intermixed i n 
any way can be s a t i s f i e d i n terms of m a t r i x operations y i e l d i n g 
a convenient form of the p e r i o d equation. 
LOVE WAVES 
I n the case of Love waves the boundary conditions to be 
s a t i s f i e d at each i n t e r f a c e are c o n t i n u i t y of the transverse 
component of displacement, 1? , and o f the transverse shear 
s t r e s s , y^ . The p e r t i n e n t plane-waoe s o l u t i o n of the e l a s t i c 
equations of motion f o r a homogeneous layer i s 
u = w = o 
19 = e/x(3[(.^(3t-Kxj][ 'v 'e^^C-L/<T^pZ + 
where 15 and are constants. 
The corresponding transverse shearing stress i s 
-/ic^^/d^ . CK/^r-f, e^/^Cai^t-MxI ^^ ^^ ^^  
At the (m-l)^"^ i n t e r f a c e we then have 
and at the m^ ^ i n t e r f a c e 
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By e l i m i n a t i n g l9 ' and 15 " between equations (V/.28 and (V/.29) 
m m 
(V- ^ o) 
The m a t r i x a i n t h i s case i s t h e r e f o r e m 
0 
0^0 
_ I _ l 
y^Wlvi Y p , ^ / i < ^ C ) ^ 
p u t t i n g a , a a ^ as before, the analogue of equation 
n"~l n—^ 1 
(VI. 18) i s 
f V/-32) 
and using equation (V(.28) f o r m = n. 
15^  
The c o n d i t i o n f o r the existence of f r e e surface waves are 
( V ) = 0 and 19 " = 0 , which, w i t h equations (VI.33) lead t o o n 
( W3 4.; 
The ma t r i x f o r each layer given by equation (V/.34) i s a f u n c t i o n 
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of the parameters, C,K, (3 , p and d. Also l i q u i d layer has no e f f e c t 
on love waves. 
( i i ) Computational Procedure 
The general computational procedure i s t o f i n d the zeros of the 
f u n c t i o n F (given by equation (V/,22) i n the case o f Rayleigh waves 
and equation (VI.34) i n the case of Love waves), which i s a f u n c t i o n 
of phase v e l o c i t y , wave number, and the e l a s t i c constants of the l a y e r s . 
This i s done i n i t i a l l y s p e c i f y i n g the period and a t r i a l value of 
the phase v e l o c i t y . The wave number K i s c a l c u l a t e d f o r t h i s t r i a l 
value of phase v e l o c i t y . The elements of the matrix are formed 
f o r each l a y e r and then m u l t i p l i e d by the matrix f o r the layer 
below i t , s t a r t i n g w i t h the layer nearest the surface. The 
numerical value of the F f u n c t i o n i s then c a l c u l a t e d from elements 
of the f i n a l product m a t r i x and stored. The F f u n c t i o n i s formed 
so t h a t i t s value i s p o s i t i v e f o r K's less than the root i n the gravest 
mode. Thus new t r i a l values of K ( o f increasing or decreasing size 
depending on whether the i n i t i a l F i s p o s i t i v e or negative r e s p e c t i v e l y ) 
are used u n t i l a change i n s i g n of F i s detected. Linear i n t e r p o l a t i o n 
and e x t r a p o l a t i o n are then repeatedly done to f i n d smaller F values 
u n t i l K's corresponding t o F's of d i f f e r e n t s i g n are w i t h i n the 
p r e c i s i o n i n t e r v a l desired. The r o o t i s then designated as the 
r e s u l t i n g i n t e r p o l a t e d value of K. From the i n t e r p o l a t e d value of 
K, phase v e l o c i t y (C) i s c a l c u l a t e d using the p e r i o d (T) s p e c i f i e d 
b efore. 
The p e r i o d i s incremented by a s p e c i f i e d amount and using the 
phase v e l o c i t y (C) obtained before, a new K i s c a l c u l a t e d and the whole 
of the above procedure i s repeated. This i s repeated f o r each 
p e r i o d u n t i l the whole phase v e l o c i t y values f o r the given periods are 
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obtained. Group v e l o c i t y i s computed by numerical d i f f e r e n t i a t i o n 
of the phase v e l o c i t y values using the r e l a t i o n ( I I . 1 ) . 
Using the above procedure a computer program was w r i t t e n 
by Dorman i n F o r t r a n I I f o r I.B.M 7090 (Program PV7EF) and i t 
c a l c u l a t e s group and phase v e l o c i t i e s of e i t h e r Rayleigh or Love 
waves and higher modes f o r a given earth's model. The program; 
has an o p t i o n t o modify the layer v e l o c i t i e s t o given an e a r t h -
f l a t t e n i n g approximation, (Pekeris e t . a l . , 1961). The formulas 
used f o r e a r t h - f l a t t e n i n g are: 
= ( 1 + 2 / Radius) 
P>^ ^ P>o (1 + / Radius) 
where do and (lo are the Pand S wave v e l o c i t i e s entered on cards, 
and and are the round e a r t h v e l o c i t i e s s u b s t i t u t e d f o r 
do and , i f the e a r t h - f l a t t e n i n g approximation i s r e q u i r e d . 
Z i s the depth t o the middle of the bounded layers or the top 
of half-space. 
I n c e r t a i n cases, as i n the present study, the surface wave 
t r a v e l s from epicenter t o Eskdalemuir s t a t i o n i n Scotland, and i s 
known t h a t the c r u s t a l s t r u c t u r e beneath Eskdalemuir s t a t i o n (Agger 
and Carpenter, 1964) i s d i f f e r e n t from t h a t of Iceland (Bath, 1960, 
Tryggvason, 1962) and North A t l a n t i c Ocean (Ewing & Ewing, 1959). 
I n such cases, where the surface waves t r a v e l s through two areas 
of d i f f e r e n t c r u s t a l s t r u c t u r e we need a composite dispersion curve 
f o r the two models. I n circumstances l i k e t h i s , a s i m p l i f i e d 
method used by Santo (1961) and Sykes et.al.(1964) i s used i n the 
present study. 
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When Rayleigh or Love waves pass across two regions A 
and B, f o r instance, w i t h d i f f e r e n t c r u s t a l s t r u c t u r e s , the r e s u l t a n t 
group v e l o c i t y V can be found by the f o l l o w i n g simple r e l a t i o n , 
i n which, V^ and V^ are the group v e l o c i t i e s of Rayleigh waves 
across A and B regions r e s p e c t i v e l y and R i s the r a t i o of the path 
l e n g t h over the region A t o the t o t a l path length A . Therefore, 
i f we know two dispersions curves f o r these two regions A and B, we 
can o b t a i n the r e s u l t a n t group v e l o c i t y V f o r each period as w e l l 
as the r e s u l t a n t d i s p e r s i o n curves f o r various values of R. The 
same r e l a t i o n (V/. 35) i s used f o r phase v e l o c i t i e s and there may be 
an e r r o r i n v o l v e d i n using the above r e l a t i o n f o r phase v e l o c i t y 
because the phase may change when crossing the boundary of the two 
s t r u c t u r e s . 
The program PV7EF w r i t t e n by Dorman i s modified t o do t h i s 
composite d i s p e r s i o n curve as w e l l as simple dispersion curve f o r 
a s i n g l e model. This program i s w r i t t e n i n Fortram IV f o r I.B.M. 
360 and i t i s described as a program I i n the Appendix I . 
F u r t h e r , when f i t t i n g the t h e o r e t i c a l d i s p e r s i o n produced 
f o r a model w i t h the observed d i s p e r s i o n , i t i s very d i f f i c u l t t o 
judge v i s u a l l y which model i s the best f i t t o the observed data. 
Also the s c a t t e r i n the observed d i s p e r s i o n data i s sometimes large 
and i n such cases also i t i s d i f f i c u l t t o judge v i s u a l l y which model 
i s the best f i t t o the observed data. To do t h i s a least squares 
technique i s used. This program i s w r i t t e n i n Fortra-n IV f o r 
I.B.M. 360 and i t i s described as program I I i n the Appendix I . 
The program compares the dispersion produced by each model with 
the observed dispersion. This i s done by finding the difference 
between observed and calculated velocity at each observed period 
and then by c a l c u l a t i n g the Root Mean Square deviation (R.M.S.D.). 
The model which has minimum value for R.M.S.D. i s the best f i t 
to the observed dispersion data. 
( i i i ) Some Programming Problems 
In most problems phase velocity decreases as K increases, and 
since numbers of the order of exp (K ZI^ ^  cC^ ) where d^ i s 
the layer thickness are involved in calculating the function F 
(given by equation (V(.22) in the case of Rayleigh waves and equation 
(V(.34) i n the case of Love waves), the larger root values of K 
w i l l lead to machine overflow (even through floating point arithmetic 
i s used) i f the t o t a l number of layers remains constant. To 
overcome this Press et .al .(I96l) used a technique in which when 
the function F becomes larger than a specified amount, the 
program w i l l reduce the number of layers, s t a r t i n g with the 
half-space and w i l l continue to eliminate layers with shear 
velocity greater than the phase velocity u n t i l the F function i s small 
again. 
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Chapter VII 
( i ) H i s t o r i c a l review of various interpretational techniques used 
i n the study of c r u s t a l structure from surface vrave dispersion 
Throughout the 1930's and 1940's many investigators such as 
Byerly (1930), Stoneley (1931), Rbharbach (1932), Labrouste (1933), 
Carder (1934), Sezawa (1935), Bullen (1939), Wilson (1940) and 
Wilson and Bay Kal (1948) obtained the c r u s t a l structure from 
group velocity data of surface waves. They used the indirect 
t r i a l and error procedure, i n which, the theoretical group 
v e l o c i t i e s produced for a model i s f i t t e d to the observed 
data. They could not however, calculate group velocity curves 
for structures with more than three or four layers because the 
calculations are laborious to do on a desk calculator. Press 
(1956) pioneered the use of Rayleigh wave phase velocity data 
measured across a triangular array for the study of local 
structure i n southern C a l i f o r n i a . For the f i r s t time Dorman 
et a l . , (1960) applied the computers to calculate group and phase 
v e l o c i t i e s of both Rayleigh and Love waves for multilayered 
structures by using the i t e r a t i o n technique developed by Haskell 
(1953). Later Press et a l . , (1961) improved the computer 
programs to calculate phase and group v e l o c i t i e s of surface waves. 
Tryggvason (1961), Papazachos (1964), Sykes et a l . (1964), 
Ossing (1964), Santo (1965, 1966) and many others obtained the 
c r u s t a l structure from group velocity data of both Rayleigh 
and Love waves. 
One of the d i f f i c u l t i e s with indirect method of interpretation 
i s that the same group and phase v e l o c i t i e s can be obtained for 
different earth models. Then i t i s d i f f i c u l t to choose which model i s 
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accounted for the observed dispersion. So the solution i s 
non unique. But from many solutions, the possible solutions 
can be narrowed down by taking into consideration the phase and group 
v e l o c i t i e s of both Rayleigh and Love waves (Brune et a l . , 1960., 
Papazachos, 1964) and higher mode surface waves (Sykes et a l . , 1964) 
( i f they are observed) as well as the results of seismic refraction 
work i n the surrounding areas. Brune et a l . , (1960) computed a 
ser i e s of phase and group velocity curves for models differing 
only i n the absolute values of c r u s t a l thickness, that i s , models 
which have the same number of layers, the same ratios of layer 
thickness, and the same values of compressional wave velocity, 
shear-wave velocity and density for the re$/>ective layers, but which 
have different values for crustai thickness and showed that only 
one of the ser i e s of possible phase velocity curves w i l l indicate 
the same c r u s t a l thickness as the group velocity indicates. This 
shows that the two sets of data complement each other, even though 
the o r e t i c a l l y the phase velocity curve completely determines the 
group velocity curve. 
Anderson (1964) developed a method to calculate phase v e l o c i t i e s 
of Love waves across oceans and continents on a spherical earth 
without using electronic computers. This method which i s a 
modification of Jeffrey's (1961) suggested use of Rayleigh's principle. 
Haskell's matrix method i s used to calculate the period relationship 
phase velocity vs period) and the eigenfunctions for a layered 
medium. The eigen function i s considered invariant for small 
changes i n the physical parameters i n the calculation of variational 
p a r t i a l derivatives. The re s u l t i s a series of tables and graphs 
which show the effect of every parameter i n the wave guide at a l l 
periods. This information, along with the theoretical dispersion 
r e s u l t s for the t r i a l model, permits the rapid calculation of the 
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dispersion for any other model by hand or with a desk calculator. 
He published universal dispersion tables to calculate fundamental 
Love wave phase v e l o c i t i e s i n the period range 4 to 1000 seconds. 
The same technique can be used for Rayleigh waves, higher modes 
and free o s c i l l a t i o n s but so far no tables are published for t h i s . 
Since 1960, methods involving repeated calculation of curves 
while permuting layer parameters to improve f i t , the results 
depending largely on perseverance and i n t u i t i o n . These methods 
are discussed i n Chapter V. 
( i i ) The method of interpretation used i n the present study 
The indirect method of interpretation i s used to get the 
c r u s t a l structure from the observed dispersion i n the three regions 
described in Chapter IV. 
The surface wave paths from epicentre to the Eskdalemuir 
station i s divided into two parts, one i s 'oceanic' and the other 
'continental'. The 100 fathom l i n e i s taken as the boundary between 
these two. Even though i t i s general practice to take 1000 
fathom l i n e as the boundary to the continental shelf, here 100 
fathom l i n e was used because the sea i s rather shallow along 
the Iceland-Faeroes Ridge and the depth of the sea bed i s only 
200 to 300 fathoms i n t h i s area. In the North Atlantic ocean 
and Jan Mayen region the depth of sea bed i s more than 1000 fathoms, 
i n some places, especially along the continental shelf. But in 
a l l three regions, the 100 fathom l i n e i s taken as the boundary 
between the oceanic and continental parts. 
The c r u s t a l structure beneath the Eskdalemuir station i s 
given by Agger and Carpenter (1964). I t i s a three layered cru s t a l 
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structure with a mean depth to Moho i s about 25 Kms. A 
simi l a r structure was assimied here for the continental part 
and the layer parameters are given in Table I I I , From now 
onwards the structure i s referred as Model B-Scotland. The 
Table I I I 
Model B - Scotland 
Thickness dL ^ P 
Kms. Km/sec. Km/sec. gm/c.c. 
3.0 4.7 2.77 2.54 
20.0 6.18 3.69 2.817 
7.99 4.5 3.38 
top layer has a thickness of 3 Kms with a P wave velocity of 
4.7 Kms/sec. The layer below has a thickness of 20 kms. with 
a P wave velocity 6.18 Kms/sec. and below that i s a semi-
i n f i n i t e layer of P wave velocity 7.99 Km/sec. A depth of 
23 Kms. to Moho i s taken i n Model B - Scotland, because the 
cross-section that Agger and Carpenter (1964) derived, shows 
that the depth to Moho i s s l i g h t l y less towards N.N.W. 
compared to the N.N.E. of the Eskdalemuir station. 
In the interpretation of both Rayleigh and Love wave 
dispersion data, the Model B-Scotland i s assimied for the 
continental segment and different models are assumed for the 
oceanic segment. The composite dispersion for the two segments 
i s calculated using the Program I described i n the Appendix I 
and compared with the observed dispersion. 
79 
I t should be noted here that the structure we get from 
surface wave dispersion study i s an average structure over the whole 
path and thus i f there are small differences in the layer 
thickness from one part to another (for each segment) these 
cannot be i d e n t i f i e d i n this work. 
( i i i ) (a) Crustal structure of the Iceland-Faeroes Ridge 
The average epicentral distance of the 5 earthquakes from 
the Iceland region i s 1600 kms. and the average length of the 
continental segment i s 460 kms. A thickness of 1 km of water layer 
i s assumed, which i s an average depth to the sea bed along the 
Iceland-Faeroes Ridge. An attempt has been made to get the 
c r u s t a l structure using a l l the surface wave dispersion data 
observed i n Chapter IV for each region and so i n calculating 
the composite dispersion curves an average epicentral distance 
and continental segment i s used and also more stress i s placed 
on the group velocity data than phase velocity data because the 
l a t e r involved an approximate estimate of the i n i t i a l phase 
at the origin. A l l the group and phase velocity curves given 
i n t h i s chapter are composite dispersion curves, using Model B-
Scotland for the continental segment. 
Assuming a continental structure for the 'oceanic' segment 
a set of composite dispersion curves are shown i n Fig.23, together 
with the Rayleigh wave dispersion data of Iceland region (Fig.10.) 
This model 1 i s a t y p i c a l continental structure and Fig.23 shows the 
group velocity curves for c r u s t a l thickness from 15 to 35 Kms. The 
model with 25 Kms. thickness for the second layer i s closer 
to the observed dispersion but i t s group velocity i s lower 
between 15 to 25 sec. period and also the general slope of the 
03S/m A l l D O i a A 
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group velocity curve i s not i n agreement with the observed 
data (Fig.23). Figure 24 shows the group and phase velocity 
curve for the same model but i t has 22.5 kms. thickness for 
the second layer. At periods up to 25 seconds the curve f i t s 
very well with the observed group velocity data (Fig.24), 
but, above 25 seconds period, the observed group ve l o c i t i e s are 
lower than the model. Also the group velocity curve i s increasing 
with period below 14 seconds in the model, where as the observed 
group velocity decreases below 14 seconds period. The general 
slope does not follow that of the data indicating that this 
model does not represent the c r u s t a l structure of Iceland-Faeroes 
Ridge. 
The refraction work by Bath (1960), the surface wave dispersion 
work by Tryggvason (1962) and the P wave delays beneath Iceland 
(Tryggvason, 1964) shows that there i s a layer of P wave velocity 
7.4 km/sec. beneath Iceland. So, a layer of P wave velocity 
7.4 km/sec. and of thickness 15 Kms, i s assumed between 6.4 km/sec. 
layer and 7,99 km/sec, layer in Model 1 and a number of group 
velocity curves are calculated for this Model 2, and i t i s shown 
i n Figure 25, The Rayleigh wave dispersion data does not agree 
(Fig,25) with the general slope of the group velocity curves 
for Model 2, Model 2A i s similar to Model 2 but the v e l o c i t i e s 
of P and S waves for the 2nd, layer are varied keeping the Poisson's 
r a t i o constant. Figure 26 shows the group and phase velocity 
curves for this Model 2A, The model with P wave velocity 6,3 Km/sec, 
f i t s the observed group velocity data from 27 down to 16 seconds 
period with the correct slope. At higher periods the group velocity 
i s too great and at lower periods the group velocity curve for the 
model i s higher than the data (Figure 26), This indicates that the 
upper layers (Model 2A) should be modified to get a good f i t . 
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The refraction p r o f i l e s of Bath (1960), Palmason (1963) 
and Palmason (1965) i n Iceland and Faeroe Islands shows a layer 
of volcanics with P wave velocity ranging from 3.5 to 4.9 km/sec 
and i t s thickness varies from 2 to 5 kms. A layer of P wave 
velocity 4.6 Km/sec. and of thickness 5 kms. has been put over 
6.4 Km/sec. layer and the thickness of 6,4 Km/sec. layer i s 
reduced to 12 kms. Figure 27a shows the group velocity curves 
for t h i s Model 3 with various values for ^ i- and /3 for the upper 
layer. A l l the three group velocity curves are p a r a l l e l to each 
other and as the P and S wave velocity increased the whole group 
velocity i s shifted upwards (Fig.27a). The middle curve with 
P wave velocity 4.6 Km/sec. f i t s the group velocity data at a l l 
periods except for s l i g h t departure above 30 sec. period. The 
corresponding phase velocity curve f i t s reasonably with the 
observed phase velocity data (Fig.27a) up to 22 sees, period but 
the model gives consistently higher phase v e l o c i t i e s above 22 sees, 
period. This suggests that the deeper layers of Model 3 have 
too high velocity. 
Therefore the P and S wave v e l o c i t i e s of the 3rd layer i n 
Model 3 were changed keeping Poisson's r a t i o constant and the 
re s u l t i n g group velocity curves are compared with the data in 
Fig.27b. Similar to Fig.27a as the P and S wave velocity of 
the 3rd layer increased, the group velocity curve moved upwards 
(Fig.27b) without affecting the general shape of the curve. 
Therefore changes to the velocity of this layer do not resu l t 
i n a better f i t to the data. 
Similar change i n velocity of the 7.4 layer from 7.2 to 
7.6 km/sec. and the variation of thickness from 20 to 80 kms. 
i n Model 3 only change the group velocity curve by a negligible 
O ^ n ^ 
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amount (Fig.27c). The increase i n thickness of 7.4 layer 
produced a decrease i n group velocity above 30 sec. by a very small 
amount (Fig.27c). Thus the parameters of this layer cannot be 
accurately defined for t h i s model. However, complete removal 
of t h i s layer, replacing i t by normal mantle of 7.99 Km/sec. 
(Fig.27c) does not f i t the observed group velocity data. The 
removal of 7.4 layer pushed the whole group velocity curve upwards 
by 0.1 Km/sec. (Fig.27c). Subsequent changes i n the thickness of 
the 6.4 layer changes the slope of the curve between 15 and 
22 seconds period ( c . f . the continental model of Figure 23) 
The slope i n no case f i t the data. 
^ 27 0. 
I t i s therefore concluded that Model 3^is the best f i t 
to the data. 
( i i i ) (b) Discussion of the r e s u l t s 
The refraction p r o f i l e s of Bath (1960), Palmason (1963) 
and Palmason (1965) i n Iceland and Faeroe Islands respectively 
shows a layer of volcanics with P wave velocity ranging from 3.5 to 
4.9 Km/sec. and i t s thickness varies from 2 to 5 kms. This particular 
layer on Faeroes i s b u i l t up of Tertiary flood basalts which belong 
to the same geological province as Iceland. Also, the recent 
K/Ar dating of Tertiary basalts from the Faeroes (Ramussen and 
Nod-Nygaard, 1966) and from Iceland (Dagley et a l . , 1967) indicated 
that the basalts of Faeroes i s older than the Tertiary basalts 
t 
of Iceland. The straigraphic correlation of seismic layers 
with geological s t r a t a by Palmason (1967) supports the r e s u l t s 
of radioactive dating. Also the r e s u l t s of off-shore seismic 
r e f r a c t i o n p r o f i l e s over E.S.E. of Iceland by Stefansson (personal 
communication) shows a layer similar to this layer over a layer of 
P wave velocity 6.9 km/sec. The seismic r e f l e c t i o n r e s u l t s at 
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Faeroes Bank by S t r i d e e t a l . , (1967) and g r a v i t y and magnetic 
p r o f i l e of Bott and Stacey (1967) shows a layer of volcanic 
m a t e r i a l below the t h i n sediments. The Model 3, which f i t s 
the observed Rayleigh wave group and phase v e l o c i t y data 
contains a layer of P wave v e l o c i t y 4.7 Km/sec. This may be 
i d e n t i f i e d as a l a y e r of volcanics and the existence of volcanic 
m a t e r i a l of s i m i l a r v e l o c i t y over Iceland and Faeroes suggests 
t h a t t h i s layer i s a continuous one from Iceland t o Faeroes, along 
the Iceland-Faeroes Ridge w i t h an average thickness of 5 Kms, 
which i s assumed i n Model 3. 
I n Model 3 the thickness of 6.4 km/sec. layer i s 12 Kms. 
and the depth t o the bottom of t h i s layer i s 17.0 kms. The 
r e f r a c t i o n work of Bath (1960) and surface wave dispersion work of 
Tryggvason (1962) gives a thickness of 10 kms. t o t h i s layer beneath 
Ice l a n d . At Faeroes a l a y e r of 6.4 km/sec. at a depth of 3 t o 
5 Kms. has been found (Palmason, 1965) but i t s thickness i s not 
r e p o r t e d because no a r r i v a l s were recorded from the bottom of 
t h i s l a y e r , as the l e n g t h of the p r o f i l e s were not long enough. 
From the o f f - s h o r e p r o f i l e s E.S.E, of Iceland, Stefansson (personal 
communication) got a r e f r a c t e d a r r i v a l from a depth of 13 Kms. w i t h 
a v e l o c i t y of 6.9 km/sec. I n Model 3 the depth to the top of 
7.4 km/sec. layer i s 17 kms, whereas the depth t o the top of 6.9 
km/sec. layer (Stefansson personal communication) i s 13 kms. 
Probably i n the above r e f r a c t i o n p r o f i l e there could be a layer 
w i t h a P wave v e l o c i t y 6.9 km/sec. between 6.4 and 7.4 km/sec. 
la y e r and hence one should expect a less depth to 6.9 km/sec. 
l a y e r i n modei The existence of a layer w i t h a P wave v e l o c i t y 
6.4 t o 6.54 km/sec. was reported i n Eastern A t l a n t i c Ocean (Ewing 
and Ewing, 1959; H i l l , 1952) and the p r o p e r t i e s of t h i s layer i s 
s i m i l a r t o the b a s a l t or gabbro layer f r e q u e n t l y found a t some 
20 kms. depth under the Continents and t h i n sediments under large 
p o r t i o n s of the oceans. 
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Figure 25 t o 27 shows t h a t the model f o r t h i s area 
r e q u i r e a layer of thickness of a t l e a s t 20 kms. w i t h a P 
wave v e l o c i t y of 7.4 km/sec, t o get a good f i t between the 
observed Rayleigh wave di s p e r s i o n and the model. The 
s t r u c t u r e deduced from surface wave dispe r s i o n work over 
I c e l a n d by Tryggvason (1964), and the P wave delays beneath 
Ic e l a n d (Tryggvason, 1964) showed a thickness of 140 and 240 kais. 
r e s p e c t i v e l y , beneath Iceland. The thickness f o r t h i s layer 
under Iceland-Faeroes Ridge deuced from the present work i s 
much smaller than the 140 kms. beneath Iceland. This d i f f e r e n c e 
could be due t o two reasons. F i r s t l y , the s t r u c t u r e we get 
from surface wave d i s p e r s i o n study i s an average s t r u c t u r e over 
the whole path and so i f there i s an increase i n thickness 
f o r t h i s l a y e r under Iceland over Iceland-Faeroes Ridge, i t 
cannot be detected. Secondly, the P wave delays obtained by 
Tryggvason (1964) could be high due t o the t r u e f i r s t a r r i v a l 
being l o s t i n noise. On Iceland records, there i s a l o t of 
seismic noise and hence i t i s very d i f f i c u l t t o i . i d e n t i f y 
the a r r i v a l of P wave. The P wave a r r i v a l s may be e a r l i e r than h i s 
p i c k i n g s . This can only be overcome by using an array s t a t i o n 
and by doing v e l o c i t y f i l t e r i n g , i t i s easy t o f i n d out the 
c o r r e c t onset time of P wave a r r i v a l and i t s phase v e l o c i t y . 
Durham U n i v e r s i t y has put up two seismic array s t a t i o n s i n Iceland 
i n Summer 1967 f o r three months t o study t h i s . 
The present r e s u l t s i n d i c a t e the presence of 7.4 km/sec. 
l a y e r beneath Iceland-Faeroes Ridge supports the idea suggested 
by Tryggvason (1961) from t r a v e l times of P waves th a t the 
7.4 km/sec. la y e r i s extending over the A r c t i c - A t l a n t i c ocean 
from Scandinavia t o Greenland. He postulated i t s thickness 
t o be about 100 kms. and w i t h a v e l o c i t y beneath of 8.2 km/sec. 
92 
The 7.4/8.2 d i s c o n t i n u i t y was not assumed t o be sharp. Model 
3A, was t r i e d (Fig.28) which i s exactly s i m i l a r t o Model 3 but i t 
has a la y e r of P wave v e l o c i t y 8.2 km/sec. beneath 7.99 l a y e r . 
The thickness of 7.99 la y e r i s v a r i e d from 20 t o 60 kms, and the 
r e s u l t s of t h i s model together w i t h the observed Rayleigh wave 
d i s p e r s i o n data i s shown i n Fig.28. This model also f i t s the 
observed Rayleigh wave di s p e r s i o n data (Fig.28) but the s c a t t e r 
i n the group v e l o c i t y data i s more than the d i f f e r e n c e i n the 
group v e l o c i t y curves f o r Model 3 and Model 3A, and hence i t i s 
d i f f i c u l t t o see v i s u a l l y which i s the best f i t t o the observed 
data. Using the program described i n Chapter VI t o c a l c u l a t e 
the d e v i a t i o n i n the d i s p e r s i o n curves of Model 3 and 3A, from 
observed Rayleigh wave group v e l o c i t i e s . Model 3A w i t h a thickness 
of 20 kms. t o 7.99 km/sec. i s the best f i t t o the observed group 
v e l o c i t y data. This i n d i c a t e s t h a t below the ordinary mantle 
(7.99 km/sec.) the upper mantle could have a P wave v e l o c i t y of 
8.2 km/sec. 
The g r a v i t y p r o f i l e over Iceland-Faeroes Ridge by 
Stacey shows a depth of 40 kms. t o the ordinary mantle (7.99 km/sec.) 
(personal communication) and the Rayleigh wave dispersion study shows 
a depth of 37 kms. (Model 3 i n Fig.27a.) This shows t h a t the 
g r a v i t y and seismic r e s u l t s are c o n s i s t e n t . 
( i v . ) ( a ) C r u s t a l s t r u c t u r e of the Jan Mayen Region 
The average e p i c e n t r a l distance of 8 earthquakes i n t h i s 
r e g i o n i s 1880 kms. and the average length of c o n t i n e n t a l segment 
i s 550 kms. The composite d i s p e r s i o n curves are c a l c u l a t e d using 
the program described i n Chapter V I . The value of ^ = 1880 kms. 
and Ratio (R) = 0.7 used i n the composite disp e r s i o n curves. The 
average depth t o the sea bed i n t h i s area i s taken as 2.0 kms. from 
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Hydrographic charts of the Royal Navy. I n the models f o r t h i s 
r e g i o n a water l a y e r of 2.0 kms. thickness i s taken. 
The c r u s t a l s t r u c t u r e f o r t h i s region i s derived 
by considering both Rayleigh and Love wave dispersion data 
observed i n Chapter IV. This means t h a t model derived f o r 
the c r u s t a l s t r u c t u r e should f i t both Rayleigh and Love wave 
d i s p e r s i o n data. For the c o n t i n e n t a l segment of the surface 
wave paths. Model B-Scotland i s taken and a number of models 
chosen f o r the oceanic segment, the composite dispersion of these 
two c a l c u l a t e d and f i t t e d t o the observed d i s p e r s i o n . 
The models t r i e d f o r Iceland-Faeroes Ridge do not f i t the 
Jan Mayen I s l a n d r e g i o n data and so Model 5 i s chosen which i s based 
on the r e f r a c t i o n r e s u l t s of Ewing and Ewing (1959). Model 
5 i s a f i v e layered s t r u c t u r e , c o n t a i n i n g 2.0 kms. layer of 
water, 2.0 kms. o f sediments w i t h a P wave v e l o c i t y 2.0 km/sec, 
over a l a y e r of P wave v e l o c i t y 5.4 km/sec, a layer of 20 kms. 
thickness having a P wave v e l o c i t y 7.4 km/sec, and a s e m i - i n f i n i t e 
l a y e r of ordinary mantle. Group v e l o c i t y curves f o r t h i s Model 5 
having a thickness of 3 t o 5 kms. t o the 3rd layer are shown 
i n Figure 29. The middle curve (Fig.29) f o r the model having 
a thickness of 4 kms. f o r the 5.4 km/sec. layer f i t s the observed 
group v e l o c i t y data. The corresponding phase v e l o c i t y curve i s 
s l i g h t l y lower than the observed values. 
I n t h i s case i f the thickness of the 7.4 km/sec. layer 
i s increased i n Model 5 t o 40 and 60 kms. the group v e l o c i t i e s 
above 30 sees, are lower than the observed values showing t h a t 
t h i s l a y e r i s not very t h i c k i n the Jan Mayen region. Model 5 
also f i t s the observed Love wave disp e r s i o n (Fig.15). 
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I n Model 5 the P and S wave v e l o c i t i e s of 3rd and 4th 
layers are v a r i e d by 8% and the group v e l o c i t y curves of these 
models f a l l s i n the same range as those i n Fig.29. I t i s 
t h e r e f o r e concluded t h a t a l l the v e l o c i t i e s i n the Model are 
w e l l defined by the data and t h a t Model 5, w i t h 4km of 5.4 
km/sec. l a y e r , i s a po s s i b l e average c r u s t a l model f o r t h i s 
r e g i o n . 
( i v ) ( b ) DiscuasLon of the r e s u l t s 
This Model 5 i s very good i n agreement w i t h the r e s u l t s of 
Ewing and Ewing (1959) from p r o f i l e s F-5, F-6, F-7, F-9, which 
are i n the same area as the present study. The r e s u l t s of 
Ewing and Ewing (1959) shows sediments of1km, a layer of P wave 
v e l o c i t y 5.4 km/sec. and thickness of 3 kms, un d e r l a i d by a 
la y e r of P wave v e l o c i t y 7.4 km/sec. and thickness 15 kjns. 
P r o f i l e F-7 shows a deeper 8.0 km/sec. layer than others. A 
sedimentary core from Norwegian Sea shows a date of Mid-Pliocene 
age ( S a i t o et a l . , 1967). The r e s u l t s of the present work 
shows s l i g h t l y t h i c k e r sediments (2.0 kms.) and a thickness of 
20 kms. f o r the 7.4 km/sec. l a y e r . 
The present study shows^thickness of 4 kms. f o r the 5.4 km/sec. 
l a y e r , which could be an oceanic layer generally found i n the 
North A t l a n t i c ocean which i s believed t o be o l i v i n e b a s a l t . 
This b e l i e f i s based p r i n c i p a l l y on the f a c t t h a t the rocks brought 
up i n oceanic volcanoes throughout the world are predominantly 
o l i v i n e b a s a l t s . This l a y e r does not appear i n possible Models 
f o r the Iceland-Faeroes Ridge and the layer w i t h 6.4 km/sec. v e l o c i t y 
found i n Models f o r the Iceland-Faeroes Ridge appears t o be 
absent i n the Jan Mayen Region. 
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Tryggvason (1961) suggested from t r a v e l times of P waves 
t h a t 7.4 km/sec. layer extends over the whole region between 
Scandinavia t o Greenland. Also s a t t e l i t e data shows t h a t 7,4 
km/sec. layer may be extending a l l over the North A t l a n t i c ocean 
n o r t h of Iceland and probably south of Iceland a l s o . The 
present study suggests t h a t t h i s layer e x i s t s w i t h an average 
depth of only 6 kms. from the bottom of the sea bed i n the Jan 
Mayen Region. Whereas i n the case of Iceland-Faeroes Ridge i t s 
average depth i s 17 kms. Also the thickness of 7.4 km/sec. 
la y e r cannot be more than 20 kms. because the models w i t h a 
t h i c k 7.4 km/sec. l a y e r followed by 7.99 km/sec. layer do not 
f i t the group v e l o c i t y curves as s a i d e a r l i e r . 
( v ) ( ^ C r u s t a l s t r u c t u r e of North A t l a n t i c ocean Region 
The average e p i c e n t r a l distance of the 27 earthquakes 
i s 1800 kms. and the average l e n g t h of the c o n t i n e n t a l path i s 
550 kms. I n c a l c u l a t i n g the composite d i s p e r s i o n curves (using 
Program I described i n Chapter V I ) f o r t h i s region, a value 
of A = 1800 kms. and Ratio (R) = 0.7 was used. The average 
depth t o the sea bed i n t h i s r e g i o n i s s i m i l a r t o Jan Mayen 
I s l a n d Region, which i s 2.0 kms. 
The Rayleigh wave di s p e r s i o n data shown f o r t h i s region i n 
f i g . 1 9 t o 21 i s taken as one group of data i n i n t e r p r e t a t i o n . 
I n t h i s case Model B-Scotland i s again taken f o r the c o n t i n e n t a l 
segment and a s e r i e s of models chosen f o r the oceanic segment 
and the composite d i s p e r s i o n curves are compared w i t h the observed 
data. F i g . 30 shows the d i s p e r s i o n data of Rayleigh waves 
from North A t l a n t i c ocean and the group v e l o c i t y curves f o r Model 8. 
This Model 8 i s an oceanic s t r u c t u r e c o n s i s t i n g of 2 kms. of water 
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l a y e r , 2 kms, of sedimentary layer of P wave v e l o c i t y 2.5 
km/sec. followed by a lay e r of P wave v e l o c i t y 6.54 km/sec. and 
a s e m i - i n f i n i t e l a y e r o f ordinary mantle w i t h P wave v e l o c i t y 
7.99 km/sec. (Fig.30) The group v e l o c i t y curves shown i n 
Fig.30 are f o r t h i s Model i n which the thickness of 6.54 km/sec. 
l a y e r has v a r i e d from 5 t o 12 kms. The general trend of 
the curve d i f f e r s from t h a t of the observed group v e l o c i t y 
data (Fig.30 i n d i c a t i n g t h a t the s t r u c t u r e f o r t h i s region 
i s d i f f e r e n t from t h a t of Model 8. Again Model 8 does not 
agree w i t h the Love wave data. 
Figure 31 shows the r e s u l t s w i t h Model 7A and lOA. 
Model 7A i s assumed mainly based on the r e s u l t s of Ewing and 
Ewing (1959) over the rif t of the M i d - A t l a n t i c Ridge. Model 
lOA i s based on the r e f r a c t i o n r e s u l t s over the eastern p a r t 
of the N o r t h - A t l a n t i c ocean. (Gaskell and Swallow, 1952; 
Gakel, H i l l and Swallow, 1958; H i l l , 1952; H i l l and Laughton, 
1958). The basic d i f f e r e n c e between these two models i s t h a t 
the l a y e r w i t h P wave v e l o c i t y 6.54 km/sec. i s absent i n the 
Model 7A. This l a y e r was reported from r e f r a c t i o n measurements 
a t Rockall Bank and eastern basin of the North A t l a n t i c ocean 
( H i l l , 1952). Both these models f i t equally w e l l t o the 
observed Rayleigh wave group v e l o c i t y data (Fig.31) but 
mathematically using the Program I I (described i n Chapter V I ) , 
f o r Model 7A, the Root Mean Square Deviation (R.M.S.D.) of the 
group v e l o c i t y data i s 0.0973 and t h a t f o r Model lOA (model 
w i t h 20 Kms. thickness of 7.4 l a y e r ) , 0.0946. This shows t h a t 
Model lOA i s the best f i t t o the data. The Love, dispersion 
f o r Model 7A and lOA together w i t h the observed data (Fig.18) 
shows t h a t only Model lOA f i t s the observed data. This c l e a r l y 
i l l u s t r a t e s t h a t by making use of both Rayleigh and Love wave 
data, the ambiguity i n the model can be eli m i n a t e d . 
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(V.2) Discussion of the r e s u l t s 
The c r u s t a l s t r u c t u r e of the median r i f t - v a l l e y of the 
M i d - A t l a n t i c Ridge given by Ewing and Ewing (1959) shows th a t 
anomalous upper mantle w i t h P wave v e l o c i t y 7.4 km/sec. i s 
at shallow depths and the o v e r l y i n g layer with_^5.4 km/sec. i s 
t h i n n e r on the c r e s t and t h i c k e r along the f l a n k s of the r i d g e 
and a l s o no sediments. The c r u s t a l s t r u c t u r e of Eastern A t l a n t i c 
basin given by H i l l (1952), Gaskell and Swallow (1952) shows 
a 6.54 km/sec, l a y e r i n s t e a d of 5.4 km/sec. lay e r and also 
they r e p o r t e d a l a y e r of consolidated sediments of thickness 1 
t o 2 kms. but do not give anything about the mantle. This 
shows t h a t surface wave paths from epicenter t o the Eskdalemuir 
s t a t i o n passes through a t l e a s t three regions of d i f f e r e n t c r u s t a l 
s t r u c t u r e . So deducing the c r u s t a l s t r u c t u r e f o r these paths 
i s a complex problem. The r e s u l t s of the present study shows th a t 
Model lOA i s the best f i t t o the data and t h i s Model lOA i s 
a composite model i n which Model B-Scotland i s taken f o r the 
c o n t i n e n t a l segment. This Model lOA has a depth of 33 kms. 
t o the normal mantle and t h i s f i g u r e i s high compared to the 
expected depth t o Moho i n oceanic regions. I n Model lOA the 
thickness of the 7.4 l a y e r i s reduced from 20 t o 5 kms. but 
t h i s increases the group v e l o c i t i e s and they are above the observed 
data ( F i g . 3 1 ) . This implies t h a t the models w i t h c r u s t a l thickness 
less than 33 kms. are not consistent w i t h the observed data. 
I n a s i t u a t i o n where the surface wave paths crosses three 
regions of d i f f e r e n t c r u s t a l s t r u c t u r e , one can f i t a composite 
d i s p e r s i o n of these three d i f f e r e n t s t r u c t u r e s provided the 
boundaries of the three regions are known. But i n the present case 
we do not know the exact boundary between the M i d - A t l a n t i c Ridge 
. ! uCT 1968 
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s t r u c t u r e and the Eastern A t l a n t i c basin s t r u c t u r e and so 
the composite d i s p e r s i o n of the three models i s not t r i e d here. 
Seismic r e f r a c t i o n i s the best method of g e t t i n g c r u s t a l 
s t r u c t u r e i n cases l i k e t h i s . But one can say t h a t the 
data i s co n s i s t e n t w i t h the lay e r of P wave v e l o c i t y 
7.4 km/sec. oc c u r r i n g a l l over the North A t l a n t i c ocean 
but i t s depth i s more along the Iceland-Faeroes Ridge compared 
t o e i t h e r side of t h i s r i d g e . 
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Chapter V I I I 
( i ) I n t r o d u c t i o n 
The surface wave di s p e r s i o n studies revealed t h a t c r u s t a l 
s t r u c t u r e of Iceland-Faeroes Ridge i s s l i g h t l y d i f f e r e n t from the 
surrounding areas. To see whether there i s any d i f f e r e n c e i n the 
upper mantle the d i s p e r s i o n of Rayleigh or Love waves of longer 
p e r i o d need t o be s t u d i e d . Ewing and Press (1954) showed 
q u a l i t a t i v e l y t h a t waves of periods longer than 75 seconds are 
c o n t r o l l e d p r i m a r i l y by the upper mantle and c a l l e d them as Mantle 
Rayleigh waves. The upper mantle i s of great i n t e r e s t because 
i t includes the low v e l o c i t y channel of Gutenberg and Lehmann 
the much discussed 20° d i s c o n t i n u i t y , and i s a region of primary 
importance t o our understanding of fundamental t e c t o n i c processes. 
Mantle Rayleigh waves were not observed i n any earthquakes 
s t u d i e d i n Chapter IV and so t h i s method of studying the upper mantle 
i s not f e a s i b l e . The a l t e r n a t i v e approach t o t h i s problem i s the 
study o f t r a v e l times of P waves and hence the P wave v e l o c i t y 
d i s t r i b u t i o n . 
The study of a r r i v a l time of P wave i n the e p i c e n t r a l distance 
range 12° t o 19° i s d i f f i c u l t because of the shadow zone. Gutenberg 
(1926) had found t h a t a t angular distances 0 of between 1° and 15° 
the amplitudes of l o n g i t u d i n a l waves decrease exponentially w i t h 
o 
i n c r e a s i n g distance and reach a minimum a t 9 = 15 , corresponding 
t o a distance A along the surface of the earth of 1600 km (about 
1000 m i l e s ) . At t h i s distance, they increase suddenly by a f a c t o r 
of more than ten. Beyond 15° they decrease r e l a t i v e l y slowly. This 
has been described f o r 'average' conditions (Gutenberg, 1945), and 
s i m i l a r r e s u l t s have been reported f o r earthquakes o r i g i n a t i n g i n 
s p e c i f i c regions, f o r example, f o r Czechoslovakia by Ruprechtova (1958) 
and f o r Japan by Kishimoto (1956). 
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The c l a s s i c a l method of g e t t i n g the v e l o c i t y d i s t r i b u t i o n 
w i t h depth i s from seismic t r a v e l times. I n t h i s method, very 
accurate o r i g i n times of the earthquake i s needed. Although the 
t r a v e l - t i m e studies are very u s e f u l i n determining general 
fea t u r e s of the v e l o c i t y d i s t r i b u t i o n w i t h depth, the i n e v i t a b l e 
smoothing of t r a v e l time data obscures d e t a i l s considerably. 
D i r e c t measurement of the apparent v e l o c i t i e s (dA/dT) or the 
inverse of apparent v e l o c i t y (dT/dA ) has a great advantage 
i n t h i s respect over the ordinary t r a v e l - t i m e method. N i a z i 
and Anderson (1965) a p p l i e d the apparent v e l o c i t y method t o 
e l u c i d a t e s t r u d u r a l d e t a i l s . Johnson (1967) made array 
measurements of P waves f o r the basin and range province i n the 
Western United States and succeeded i n r e v e a l i n g a d e t a i l e d 
upper mantle s t r u c t u r e . Chinnery and Toksoz (1967) studied 
the lower mantle s t r u c t u r e by the apparent v e l o c i t i e s measured 
at the Lasa array i n Montana. Kanamori (1967) studied the 
upper mantle s t r u c t u r e around Japan by measuring the apparent 
v e l o c i t i e s over Wakayama Micro-earthquake observatory. 
Another advantage of the apparent v e l o c i t y i s tha t there 
i s l i t t l e d i f f i c u l t y i n adding up data from a number of d i f f e r e n t 
earthquakes. The 'source c o r r e c t i o n ' due t o the r e g i o n a l i t y of 
the source, and the e r r o r s i n hypocenter determinations have 
l i t t l e e f f e c t i n the apparent v e l o c i t y determination. Both 
of these s e r i o u s l y a f f e c t the usual t r a v e l time method. For 
a precise measurement of apparent v e l o c i t i e s , seismometer arrays 
w i t h i d e n t i c a l instruments and of a considerable l i n e a r dimension 
are most s u i t e d . 
The seismic array s t a t i o n a t Eskdalemuir, Scotland, described 
i n Chapter I I I i s used i n the present study and Fig.32 shows the map 
of lay out of the array s t a t i o n . 
105 
C 
0 
< 
•-H 
i 
o 
- I 
a 
~ 
'X 
o 
•H 
—I 
:/; 
0 
-J 
0) r +j 
cX C 
•H 
m 
7^ 
^^  
CO 
bO 
• H 
106 
( i i ) Method of Measuring Apparent V e l o c i t y (dA /dT) 
The earthquakes studied here ranges from 12° t o 19° e p i c e n t r a l 
distance from the array s t a t i o n and are t h e r e f o r e i n the range t o 
observe upper mantle s t r u c t u r e . F i g . 33 shows the l o c a t i o n of 16 
earthquakes studied here. They are along the M i d - A t l a n t i c Ridge 
through Iceland t o the Jan Mayen Is l a n d Region. 
The method used by N i a z i and Anderson (1965), Chinnery and 
Toksbz (1967) and Kanamori (1967) t o measure the apparent v e l o c i t y 
i s not s u i t a b l e here because i t i s d i f f i c u l t t o see c l e a r l y the 
onset time of P wave a t each seismometer p i t , and so the method 
of v e l o c i t y f i l t e r i n g was used. 
The v e l o c i t y f i l t e r i n g was done on the apparatus A.P.P.L.E. 
(Analogue Phased Processing Loop Equipment) a t Blacknest, U.K.A.E.A, 
Aldermaston. The d e t a i l s of the apparatus and method of measuring 
apparent v e l o c i t y i s desc r i b e d by B i r t i l l and Whiteway (1965). 
B r i e f l y , v e l o c i t y f i l t e r i n g not only enhances the s i g n a l t o noise 
r a t i o but also can be used t o determine the apparent v e l o c i t y of 
any a r r i v a l . This can be done provided the azimuth of the a r r i v a l 
i s known. For a given apparent v e l o c i t y and azimuth, the 
delays a t each p i t i s c a l c u l a t e d and the delays are i n s e r t e d i n 
each channel. Each channel i s added (Blue and Red l i n e s separately) 
and then they m u l t i p l i e d and i n t e g r a t e d . This i s done f o r 
various apparent v e l o c i t i e s and the c o r r e l a t o r output i s measured 
f o r each a r r i v a l i n each case. The apparent v e l o c i t y of any 
a r r i v a l i s t h a t p a r t i c u l a r apparent v e l o c i t y f o r which there should 
be maximum c o r r e l a t o r output. 
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For each earthquake, v e l o c i t y f i l t e r i n g was done f o r 
12.0 km/sec. t o 3.0 km/sec. i n the i n t e r v a l s of 0.5 km/sec. 
The c o r r e l a t o r output of each a r r i v a l was measured f o r each 
apparent v e l o c i t y and a graph i s drawn p l o t t i n g apparent 
v e l o c i t y on x-axis and c o r r e l a t o r output on Y-axis. A 
smooth curve i s drawn and the v e l o c i t y a t which the c o r r e l a t o r 
output i s maximum i s the apparent v e l o c i t y of t h a t a r r i v a l . 
F i g . 34 shows a sample of the v e l o c i t y f i l t e r e d record 
of Event No.39 f o r 11.0 km/sec. The top trace i s a f i l t e r e d 
s i n g l e channel of seismometer B l . The second trace i s an 
u n f i l t e r e d average of a l l seismometers. T h i r d , f o u r t h and f i f t h 
traces are sum of the red and blue l i n e s i n d i f f e r e n t f i l t e r 
s e t t i n g s . S i x t h and seventh traces are the m u l t i p l i e d sum 
of red and blue l i n e s . The bottom most t r a c e i s the c o r r e l a t o r 
o u t p u t . On the c o r r e l a t o r output 5 a r r i v a l s can be seen 
c l e a r l y and a l l of them have an apparent v e l o c i t y of 10.0 km/sec. 
S i m i l a r l a t e r a r r i v a l s having same apparent v e l o c i t y was observed 
by Kishimoto (1956) i n Japan and i t was i n t e r p r e t e d as e i t h e r 
due t o m u l t i p l e shocks or the r e f l e c t i o n s a t the s t a t i o n . On 
the f o u r t h t r a c e i n Fig.34 there i s a small a r r i v a l marked as 1 
before the b i g a r r i v a l marked as 2 w i t h an apparent v e l o c i t y of 
10.0 km/sec. The f i r s t a r r i v a l i s so small t h a t we could 
not f i n d i t s apparent v e l o c i t y . S i m i l a r features are observed 
i n Events 30, 41, 35 and 27. A l l these 5 earthquakes are i n 
o o 
the North A t l a n t i c ocean i n the range of 16 t o 17 distance 
from Eskdalemuir s t a t i o n . Kishimoto (1956), Kanamori (1967) 
and Archambeau et a l . , (1966) found a s i m i l a r f e a t u r e i n the 
range of A =13° t o 19° where a r e l a t i v e l y l a r g e r phase emerging 
few seconds a f t e r the f i r s t a r r i v a l . This a r r i v a l was designated 
by Archambeau et a l . , (1966) as P^. This a r r i v a l can be 
1Q9 
1 
3 
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i n t e r p r e t e d as due t o a s t r o n g upward r e f r a c t i o n by a sharp 
v e l o c i t y increase w i t h depth. I n the present case i t i s not 
p o s s i b l e t o measure the apparent v e l o c i t y of the f i r s t small 
amplitude a r r i v a l i n the case of these 5 earthquakes, the apparent 
v e l o c i t y of l a r g e r l a t e r a r r i v a l s i s measured. 
The apparent v e l o c i t i e s and dT/dA measured f o r a l l the 
a r r i v a l s f o r 16 earthquakes are given i n Table IV. The 
l a r g e r second a r r i v a l i n the case of the above 5 earthquakes 
i s t a b u l a t e d as f i r s t a r r i v a l i n Table IV. Also the l a t e r 
a r r i v a l s of same apparent v e l o c i t y has been omitted. I n the 
case of Event 5 which i s the nearest event t o Eskdalemuir 
array s t a t i o n (A =12.2°) a P a r r i v a l w i t h an apparent v e l o c i t y 
o f 8.0 km/sec. and 2 minutes 18.7 seconds a f t e r P a r r i v a l , and 
an S a r r i v a l w i t h an apparent v e l o c i t y of 4.5 km/sec. was found 
and these are i n t e r p r e t e d as P^ and r e s p e c t i v e l y . This 
shows t h a t the ordinary mantle along the Iceland-Faeroes Ridge 
i s of no great depth, whereas from the surface wave dispersion work 
i n Chapter V I I i t i s d i f f i c u l t t o deduce the possible depth t o 
the o r d i n a r y mantle because the thickness of 7.4 km/sec. layer 
has very l i t t l e e f f e c t on the group v e l o c i t y curve. 
I n the case of Events 5 and 6, the f i r s t a r r i v a l has an 
apparent v e l o c i t y of 8.0 km/sec. and f o r Event 53 the apparent 
v e l o c i t y of f i r s t a r r i v a l i s 8.5 km/sec. According t o Johnson 
(1967) the phase w i t h an apparent v e l o c i t y 8.5 km/sec. i s a 
r e f r a c t e d a r r i v a l from below a depth of 160 kms. and the phase w i t h 
an apparent v e l o c i t y 8.0 km/sec. i s Pn and i t i s a f i r s t a r r i v a l 
out t o a distance of 12° t o 13°. Anderson (1967) c a l c u l a t e d f o r 
the CIT 11 model, ray paths i n the e p i c e n t r a l range of 15° t o 30°. 
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o He noted the absence of rays ( i . e . ) a shadow zone, between 12 
and 13°. Rays which j u s t barely penetrate below the lo w - v e l o c i t y 
l a y e r emerge between 20° and 19°, although deeper pe n e t r a t i n g 
rays are s t r o n g l y r e f r a c t e d by the d i s c o n t i n u i t y at a depth 
o 
of about 320 kms. and emerge w i t h large amplitude a t about 15 -
o 
16 . I f the s t r u c t u r e of t h i s region i s s i m i l a r to CIT 11, the 
la r g e amplitude a r r i v a l n o t i c e d i n the Events 39, 30, 41,35 and 
27 could be a r e f r a c t i o n from t h i s d i s c o n t i n u i t y . Between 17° 
and 18°, i n the present case an apparent v e l o c i t y of 10.0 t o 11.0 
km/sec. i s observed and a s i m i l a r v e l o c i t y i s reported by Johnson 
(1967) i n the same e p i c e n t r a l range. This shows t h a t the present 
r e s u l t s are consistent w i t h the r e s u l t s of Johnson (1967) 
( i i i ) I n t e r p r e t a t i o n of dT/dfl data 
The number of observations i n the present study are few 
and a l s o they cover only a l i m i t e d e p i c e n t r a l range (12° t o 19°). 
I t i s t h e r e f o r e not possible t o i n v e r t the dT/dA curve d i r e c t l y t o 
get a v e l o c i t y depth model. However, the dT/dA values are 
compared w i t h those of J e f f r e y s model and the CIT 11 CSS model 
( N i a z i and Anderson, 1965) ( F i g . 3 5 ) . The numbers i n Fig.35 
i n d i c a t e the depths of p e n e t r a t i o n i n kilometres f o r the rays 
emerging at various p o i n t s . Figure 36 shows the v e l o c i t y 
d i s t r i b u t i o n i n the J e f f r e y s and CIT 11 models. The d i f f e r e n c e 
between the two models i s between 33 kms and lOOOkms. from the 
surface of the e a r t h . The J e f f r e y ' s model p r e d i c t s uniform 
increase i n v e l o c i t y w i t h depth, whereas CIT 11 CS3 model p r e d i c t s 
sharp d i s c o n t i n u i t i e s and a low v e l o c i t y l a y e r . Also the CIT 
11 CS3 model p r e d i c t s m u l t i v a l u e d t r a v e l time curves over most 
of the i n t e r v a l 14° t o 38°, whereas J e f f r e y ' s model does not 
(Fig.35) showing t h a t J e f f r e y s v e l o c i t y d i s t r i b u t i o n i s not v a l i d 
i n t h i s r e g i o n . 
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I n Figure 35 i n the e p i c e n t r a l range 16 t o 19 , 
some o f the dT/dA values observed f o r the earthquakes o r i g i n a t e d 
i n the North A t l a n t i c ocean do not f a l l on the CIT 11 CSS curve 
i n d i c a t i n g t h a t a t depths of the order of 450 t o 500 kms. the P 
wave v e l o c i t y assumed i n the model could be d i f f e r e n t from t h a t 
of the North A t l a n t i c ocean. Also the other dT/dA values 
s l i g h t l y depart from the CIT 11 CSS curve. But a s l i g h t 
s h i f t o f the whole dT/dA curve makes a b e t t e r f i t t o the observed 
data which means t h a t the shape of the v e l o c i t y depth model i s 
co n s i s t e n t w i t h the data but the depths may be shallower than 
the CIT 11 CSS model i n d i c a t e s . From the present P wave studies 
i t i s not possible t o derive a v e l o c i t y d i s t r i b u t i o n over the 
f i r s t 130 kms which includes the low v e l o c i t y layer since there 
are no a r r i v a l s a t s u i t a b l e e p i c e n t r a l distances. So i t i s not 
po s s i b l e t o give a precise depth f o r t h i s s t r u c t u r e . 
Figure 37 shows the P wave v e l o c i t y d i s t r i b u t i o n i n the 
c r u s t and upper mantle derived f o r the Iceland-Faeroes Ridge and 
Jan Mayen Region i n the present study. This shows t h a t there i s 
no d i f f e r e n c e i n the upper mantle between the two regions and the 
depth t o the ordinary mantle i s deeper along the Iceland-Faeroes 
Ridge compared t o t h a t of Jan Mayen region. The dotted p o r t i o n 
of the curve {Fig.37) i s not determined by the pres ent study. 
The c r u s t a l s t r u c t u r e derived from surface wave dispersion 
work i s combined w i t h the upper mantle s t r u c t u r e of CIT 11 CSS 
model. Group v e l o c i t y curves are c a l c u l a t e d f o r models having 
the c r u s t a l layers s i m i l a r t o t h a t derived from surface wave 
di s p e r s i o n work and upper mantle layers s i m i l a r t o CIT 11 CS3 model 
shows t h a t the group v e l o c i t y curves are s i m i l a r up t o 40 sec. 
p e r i o d f o r the two models (one w i t h CIT 11 CSS upper mantle and the 
other w i t h o u t . ) Above 40 sees. period the group v e l o c i t y values of 
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the model w i t h CIT 11 CSS mantle are lower than t h a t without 
CIT i i CSS mantle (by 0.1 km/sec. at 70 sec. p e r i o d ) . This 
shows c l e a r l y t h a t the surface waves studied here has not 
penetrated i n t o the upper mantle and so the upper mantle 
has not e f f e c t e d the group v e l o c i t y curves f o r periods below 
40 sees. Thus the c r u s t a l models obtained from siu^face 
wave d i s p e r s i o n are not i n v a l i d a t e d by absence of upper mantle 
s t r u c t u r e . 
The upper mantle s t r u c t u r e i n the North A t l a n t i c ocean 
Region could be s i m i l a r t o t h a t of CIT 11 CSS model (Fig.37) 
but no d e f i n i t e c r u s t a l s t r u c t u r e f o r t h i s region is achieved 
i n the present study because of the complexity of the problem 
explained e a r l i e r . 
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GENERAL CONCLUSIONS 
The surface wave d i s p e r s i o n study shows t h a t the c r u s t a l 
s t r u c t u r e of Iceland-Faeroes Ridge i s d i f f e r e n t from t h a t . on 
e i t h e r s i d e of t h i s r i d g e . The volcanic m a t e r i a l present i n 
Iceland and Faeroes appears t o be continuous layer along the 
Ridge w i t h an average thickness of 5 Kms. Below the volcanic 
m a t e r i a l along the Iceland-Faeroes Ridge, a layer w i t h P wave 
v e l o c i t y 6.4 km/sec. and a thickness of the order of 12 Kms 
i s suggested and t h i s layer i s absent i n the Jan Mayen Region. 
A 7.4 Km/sec. lay e r along the Iceland-Faeroes Ridge explains the 
observed d i s p e r s i o n and may e x i s t beneath the North A t l a n t i c 
ocean. 
I n the Jan Mayen Region the average model from surface wave 
di s p e r s i o n data f i t w e l l w i t h r e f r a c t i o n r e s u l t s i n t h i s area. 
I n t h i s r egion there i s a layer of consolidated sediments over 
a l a y e r of thickness 4 Kms. w i t h P wave v e l o c i t y 5.4 km/sec. 
This p a r t i c u l a r layer seems t o be absent along the Iceland-Faeroes 
Ridge. The depth t o the ordinary mantle (7.99 km/sec.) i s about 
37 kms. along the Iceland-Faeroes Ridge. From the present study 
i t i s d i f f i c u l t t o say con c l u s i v e l y anything about the c r u s t a l 
l ayers i n the North A t l a n t i c ocean region because of complexity 
of the problem. 
The dT/dA work shows t h a t there may not be any great 
d i f f e r e n c e i n the upper mantle between 140 and 500 kms. depth along 
the Iceland-Faeroes Ridge compare t o the Jan Mayen Region but 
there may be a d i f f e r e n c e i n the North A t l a n t i c ocean Region. 
The P wave v e l o c i t y d i s t r i b u t i o n between 140 kms and 300 kms. 
may be s i m i l a r t o CIT 11 CSS model, w i t h a possible displacement 
t o shaEower depths. 
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The present study shows t h a t the normal mantle i s at 
a greater depth along the Iceland-Faeroes Ridge than on e i t h e r 
side of i t , supporting the theory proposed by Wilson (1965) f o r 
the formation of l a t e r a l ridges during the c o n t i n e n t a l d r i f t , 
which suggests a t h i c k e r c r u s t along the l a t e r a l r idges. 
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APPENDIX 1 
In t h i s appendix the programs mentioned i n Chapter VI 
is described i n d e t a i l . The purpose of t h i s program I i s to 
calculate either phase and group velocities of a given model 
or the composite phase and group velocities of two models, given 
the phase and group velo c i t i e s of one of the models. This can 
be done both for Rayleigh and Love waves and also for higher 
modes. A l l the calculations are done i n double precision. 
The order i n v>tiich the data cards are given i s as below:-
Card 1 
NSIMP 
Card 2 
NDATA 
Card 3 
Card 4 
NUMPTS 
Card 5 
B(K,N) 
Card 6 
DELTA 
RATIO 
The format of thi s card i s I I 
A '0' for simple dispersion and '1' for 
composite dispersion. 
The format of t h i s card i s 12 
Numbers of composite models 
T i t l e consisting up to 71 H o l l e r i t h characters 
Leave column 1 blank 
The format of t h i s card i s 12 
Number of points on the composite dispersion 
curve 
The format of thi s card i s 2F8.4 
The phase and group velocity at each period 
for the model to be combined. F i r s t 
phase velocity and then group velocity to 
be punched. One card for each period. 
The format of thi s card i s F6.1, 2X,F6.4 
The t o t a l path length i n kilometres 
The r a t i o of the length of oceanic segment 
to the t o t a l path length 
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Card 7 
NoCASE 
Card 8 
Card 9 
NLAY 
NPROB 
IFIATE 
RADIUS 
Card 10 
TKNS 
ALPHA 
BETA 
RHO 
Card 11 
T ( l ) 
DT 
CI 
DC 
KMAx 
LOVE 
The format of t h i s card i s 12 
Number of Cases 
T i t l e consisting up to 71 H o l l e r i t h characters. 
Leave column 1 blank 
The format of t h i s card i s I3,I1,I1,F6.0 
Number of layers i n each case 
Number of problem cards i . e . number of times 
cases to be computed (using different 
card eleven) 
IFIATE=0 i f earth-flattening approximation 
i s not required, IFIATE=1, i f required. 
Radius of the Earth. I f i t i s blank i t 
takes as 6370.0 Kms, otherwise required 
value should be punched. 
The format of t h i s card i s 4F8.5 
Thickness of each layer i n Kms. 
Compressional wave velocity i n Km/Sec. 
Shear wave velocity i n Km/Sec. 
Density of the layer i n gm/c.c. 
One card for each layer. 
The format of t h i s card i s 4F8.5, 8X, 13, IX, 
I I , IX, I I , IX, 12, IX, I I . 
Period of f i r s t point on the curve 
Interval between point on the period axis. 
Phasevelocity at which the search for the 
dispersion curve i s begun 
Phasevelocity i n t e r v a l between t r i a l points. 
Number of points required on dispersion 
surve. 
L0VE=1, causes the program to compute a 
Rayleigh mode. I f LOVE=0, a Love mode. 
MODENO 
NTRLMX 
KWRITE 
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A d i g i t 1 to 9 cause the program to 
follow the dispersion curve corresponding 
to the f i r s t to ninth root crossed after 
the beginning of the i n i t i a l search. 
Maximum number of t r i a l s for each point 
( = 60 i f NRTLMX = 0) 
KWRITE=1, causes the results of every t r i a l 
solution to be printed with the output. 
KWRITE=0, eliminates the pr i n t i n g of t r i a l 
solutions. 
This card i s repeated NPROB times i f a rerun 
i s required with any of i t s contents changed. Any 
number of problem cards may follow a set of layer cards. 
I f the Card 1 i s '0', card 2,3,4,5 and 6 
are not required. Any number of cases can be computed 
and i t i s done automatically. 
Conditions: 
1. The maximum number of layers i n any case should not 
exceed 100. 
2. The maximum number of points on the dispersion curve 
should not exceed 50. 
A l i s t i n g of th i s program i s given below 
mi 
U1»l A V > 2 1 « V M a L A V . 2 1 > M . f l » 7 / R A D I U S 1 
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COMPUTER OUTPUT OF PROGRAM I 
147 
Computation of the following case dispersion 
Scotland Model 3 Iceland Region. 
data of Model-B 
Thickness Alpha Beta RHO 
1.00000 1.50012 0.0 1.03000 
5.00000 4.60253 2.66146 2.54000 
12.00000 6.41206 3.68693 2.80000 
20.00000 7.47687 4.31890 3.30000 
0.0 8.03766 4.45643 3.40000 
RAYLEIGH MODE, 1 
Period PH.Vel GP. Vel Orbit 
10.00 3.28689 2.62439 0.728275 
12.00 3.43667 2.78256 0.789276 
14.00 3.55370 2.96297 0.833698 
16.00 3.64080 3.12771 0.867353 
18.00 3.70537 3.26395 0.892531 
20.00 3.75407 3.37238 0.910821 
22.00 3.79167 3.45848 0.923635 
24.00 3.82138 3.52742 0.932179 
26.00 3.84535 3.58326 0.937430 
28.00 3.86507 3.62904 0.940193 
30.00 3.88156 3.66700 0.941057 
32.00 3.89556 3.69882 0.940494 
34.00 3.90762 3.72579 0.938862 
36.00 3.91812 3.74887 0.936431 
38.00 3.92736 3.76890 0.933411 
40.00 3.93557 3.78625 0.929961 
Delta 1600.0 Kilometres Ratio 0.7000 
Composite Dispersion 
Period PH.Vel GR.Vel 
10.00 3.3007 2.7195 
12.00 3.4337 2.8201 
14.00 3.5471 2.9507 
16.00 3.6383 3.0912 
18.00 3.7090 3.2266 
20.00 3.7629 3.3455 
22.00 3.8042 3.4438 
24.00 3.8362 3.5231 
26.00 3.8617 3.5868 
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Period PH.Vel GR.Vel 
28.00 3.8823 3.6382 
30.00 3.8992 3.6800 
32.00 3.9135 3.7145 
34.00 3.9256 3.7432 
36.00 3.9361 3.7674 
38.00 3.9453 3.7881 
40.00 3.9535 3.8059 
Program I I : 
The purpose of t h i s program i s to see which model i s the best 
f i t to the observed group velocity data, given the observed data 
and the models. The models could be either simple or a composite 
model. The order i n which the data cards are given i s as below: 
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Card 1 The format of th i s card i s 12 
NDATA Number of sets of observed group velocity 
data. 
Card 2 T i t l e consisting up to 71 H o l l e r i t h characters. 
Leave column 1 blank 
Card 3 The format of th i s card i s 13 
NOBPTS Number of observed group velocity data i n each set. 
Card 4 The format of th i s card i s 2F8.4 
D(M,N) The period and group velocity data of each 
observed point and one card for each point 
and 250 cards can be put here. 
Card 5 The format of th i s card i s I I 
NSIMP A '0' for simple model and '1' for composite model 
Card 6 T i t l e consisting up to 71 H o l l e r i t h characters. 
Leave column 1 blank 
Card 7 The format of t h i s card i s 12 
NUMPTS Number of points on the composite dispersion 
curve 
Card 8 The format of t h i s card i s 2F8.4 
B(K,N) The phase and group velocity at each period 
for the model to be combined. Fi r s t phase 
velocity and then group velocity to be punched. 
One card for each period. 
Card 9 The format of t h i s card i s F6.1,2X,F6.4 
DELTA The t o t a l path length i n kilometres 
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RATIO The r a t i o of the length of oceanic segment to 
the t o t a l path length. 
I f i t i s a simple model Cards 6,7,8 and 9 are not needed 
Card 10 The format of t h i s card i s 12 
NoCASE Number of cases 
Card 11 T i t l e consisting up to 71 H o l l e r i t h characters 
Leave column 1 blank 
Card 12 The format of t h i s card i s 13, I I , F6.0 
NLAY 
I PLATE 
RADIUS 
Card 13 
TKNS 
ALPHA 
BETA 
RHO 
Card 11 
T ( l ) 
DT 
CI 
KMAX 
LOVE 
MODE No 
Number of layers i n each case 
IFLATE=0 i f earth-flattening approximation i s 
not required, IFLATE=1, i f required 
Radius of the earth. I f i t is blank i t takes 
as 63730 Kms, otherwise required value should 
be punched 
The format of thi s card 4F8.5 
Thickness of each layer i n Kms. 
Compressional wave velocity i n Km/Sec. 
Shear wave velocity i n KM/Sec. 
Density of the layer i n gm/c.c. 
The format of t h i s card i s 4F8.5,8X,13,IX,II,IX,II,IX,12,IX,II. 
Period at f i r s t point on the curve 
Interval between point on the period axis 
Phase velocity at which the search for the 
dispersion curve i s begun 
Number of points required on dispersion curve 
L0VE=1, causes the program to compute a Rayleigh 
mode. I f LOVE=0, a Love mode 
A d i g i t 1 to 9 cuase the program to 
follow the dispersion curve corresponding to 
the f i r s t to ninth root crossed after the 
beginning of the i n i t i a l search. 
NTRLMX 
KWRITE 
1 5 1 
Maximum number of t r i a l s for each point 
1=60 i f NTREMX=0) 
KWRITE=1, causes fhe results of every t r i a l 
solution to be printed with the output. 
KWRITE=0, eliminates the p r i n t i n g of t r i a l solutions. 
Conditions 
1. The maximum number of layers i n any model should not eKceed 100 
2. The maximum number of points on the dispersion curve should 
not exceed 50 
3. The maximum number of observed periods and group velocity 
should not exceed 250. 
A l i s t i n g of t h i s program i s given below. The subroutines 
i n t h i s program are the same as i n program I , except for the subroutine 
LAGRAN. 
IMPLICIT REAL*8(A-HtO-Z)tINTEGER*^(I-N) 
1DT,F A,KIASTt KHAX t NL AYtiTRtS^yVNO,PV,GV•B, NUMPTsT 
I T ( 5 0 ) , U ( 5 0 ) , V ( 1 0 0 , 4 ) , A C C E L ( I O 0 ) , F A ( A , 4 ) T P V ( 5 O ) , G V ( 5 0 } , 
AHAX1CX,Y)*DMAX1(X,Y) 
851 R E A D ( 5 , ? 0 0 I 
190 FORMAT (13) 
191 FORMAT!Ii) 
601 READ!5f706) 
READ(5»6Q3Tr , - I , r • 
"D6~2 K=1«A 
DO 1 L = K l t 5 
T[Kr,L)=0-0^ 
CONTINUE 
DO 3 J=1T4 
CCNIINUe 
400 FORMAT(12 ) 
READ(5t502)NU , i -
801 RADIUS=637o'*''o 
I F ( I F L A T E ) 7 ^ , • 
Z=Z+V(M,I)/2.0 
V ( M , 3 ) = V ( M , 3 ) * ( 1 . 0 + Z / R A D I I J S ) 
V(NLAY,2)=V(NLAY,2)*<1.0*Z/RAD1US) 
V ( M , 2 ) = V ( W , 2 ) * ( UO-i-Z/RADIUS) 
DQ 6 M=2»NLAY 
LONTINUE 
ACCEL(3)-KWRnE 
IF{NTRL^^X)8»q,8 
DO 1 0 K=2tj/^Hk% 
10 CONTINUE 
W R I T E ( 6 » 1 9 2 1 
I F(NSlMP)3<il,302,301 
302 MRITE(6t501 ) 
IFCKWRITE)804,803,804 
803 K = l 
IF(ACCEL(1) ) I 1 , 1 2 , 1 1 
GO TO 13 
13 I F ( K W R I T £ ) 8 0 5 f I 5 t 8 0 5 
GO TO 15 
DELTAl=DELTA2 
IFiABS <C2-0.5*BTAMX1-0.5*81AMX117,17116 
GO TO 34 
Ta" DELTA2=DLTAR3(C2,T(l)) 
19 D E L T A 2 = D L T A L U C 2 , T ( i ) ) 
806 WRITE(6,509)T(K)tC2fDELTA2 
21 I F r M 0 D E ) 2 3 , 23, 22 
GO TU 14 
COMPUTATION SUBROUTINE CALLED« 
I F ( K L A S T - 5 ) 2 4 , 2 7 , 2 7 
28 W R I T E { 6 t 5 H I U V ( ^ . 
i r t ACCEL ( H t j l ^ f l _ 
I s T R IT L ( 6 , 512) MOD tNO , ( T ( K ) , C U , 1) »U ( K) VR (K , f^JfK = 1, KL A ST ) 
IMO0ENO.Ct{K).C<K,I),U(K),K=l,KLAST 
606 DO 607 K«l,KKAX 
lELTA) 
35 IF(NSIMPI250t25l,250 
THVALC ( 2 * K l - l l = T{K) 
DO 253 K=l,KHAX 
253 CONTINUE 
THV A K ( 2 * K ) - l ) = T ( K l 
DO 255 K=1,KMAX 
255 CONTINUE 
0BVEL1=D(l,2J 
RVEL(l)=ANS 
SDVEL=0.0 
261 M=M+1 
262 P00R2=0(M,1) 
CALL LAGRAN{THVAL ,KPAX,PCCR2,ANSJ 
'UVEL(M)=0BVEL2-ANS 
GO TO 261 
263 SDVEL=SDVEL/NOBPTS 
W R I TE (t> ,^ 20 ) ( ( {I) ( M , , N = 1 , Z ) , R VEL { MT, D VFL ( M ) ) , M = 1, N0BPTS ) 
220 FORMAT (46HC PERIOD GP.VEL TGPVEL RES I DUAL//(IH , 
WRI Tb{6,230 JRMSn 
503 FORMAT (4F8«^) 
507 FORMAT (///53H0 SLOPE DELTA 
508 FORMAT (// 7H T I ,F8.5,5H DT ,F8.5t5H CL ,F8«5,5H DC ,F8.5,7_ 
1 , i i r 
510 FORMAT (42HCC IS GREATER THAN BTAf^X OR LESS THAN ZERO) 
112.5) ) 
1 PH.VEL. GP.VEL. 0RBIT//(1H ,FIO.2,F10.5,F9.5,FU.6)) 
m 
l E L . GR.VEL.//(1H , FIC . 2 ,F IC . 5 ,F 9. 5) ) 
192 FORMAT (35H1 COMPUTATION OF THE FOLLOWING CASE) 
603 UlRHAI I'iFQ,^) 
604 FORMAT (F6.1,2X,F6.4) 
'1.VEL.//(1H ,F8.2,2F10.4) ) 
^ roRMM t/y /H S 
34 N0CASE=N0CASE-1 
5 NCATA=NDATA-1 
"850 CALL EXIT 
, i . , . RtXtANS) 
DIMENSION PAIR(500)>PAIRl(12) 
K=(NPAIR*2r-l 
ICO IF (K3-K)11C,110,95 
rn \» 
9 K1=K3+1 
GO TO 55 
^ 0 0 WRITE(6«201) 
WRITE (6,202:1 
IS LESS THAN FIRST VALUE GIVEN IN ARRAY) 
INUE 
20S ANS=PAIR(K3-l)^•(PAIR(K3^^1)-PAlR(K3-l) )*(X-P 
GO TO 55 
IF (K3-5) 14 
PAIR1(J) = PAIR 
71 H = ( ( X - P A I R l ( 3 ) ) * ( X - P A I R 1 ( 5 ) )*(X-PAIR1(7))*(X-PA1RI(9)))7 
2*(PAIR1(1)-PAIRI<9>))»PATR1(2 
1 ( ( P AI R1 (3 ) ~fiA 1R1 < I iP AIR I ( 3 ) - P AIR I ( 5) ) • (P AIR H 31 --F^ I R l 1711 
PAIRl 
2 * ( P A I R l ( 5 ) - P A I R l { 9 ) ) | * P A l R i ( 6 ) 
11 I P A I R L f 7 l - P A I R l C I l ) * i P A I R l ( 7 ) - P A I R l ( 3 ) ) * ( P A l R l j ( j H f A r R I < 5 ) l 
A Z = ( T x - P A i R l { l ) y * ( X - P A I R l ( 3 ) ) * ( X - P A I R L ( 5 ) ) * I X - P A l R i n ) ) ) / 
2 # ( P A I R L ( 9 ) - P A I R 1 ( 7 ) ) ) * P A I R I ( I 0 ) 
0061 A6=H+A1+A2+A3+A4 
GO TO 55 
PAIRI{J)=PAIR(J)/XX 
72 H=( (X-PAIR1(3))*<X-PAIR1(5) )*(X-PAIR1(7)) )/ ( ( P A I R U I J ^ 
Al = \\ X-PAIR i t i n • ( X-PAIR1 ( 5) ) • ( X - P A I g t I f | ) ) / ( 1 P A I f e M f > 
A2=( (X-PAIR1( 1) )» 
' A i M 1X- P AIR 1 I ! * (X- i i i i y ) i * ( X - P A I R l ( 5 ) ) ) / ( ( P A I R IjJJz 
GC TO (63,62 
ANS=A6*XX 
50 K2=K-? 
0016 DO 17 J = l t l 2 
PAIKl(J)=PAIR 
-PAIR1_ 
PAIRUD-PAIRl 
H = ( (X-PA I Ri i 3 » ) * IX- P AI RH51)»(X-
jfc I V I! 
2*(PA I 
A1=( ( X-PA I R U i n * rX-P AIR1 (5))*(X-PA 
'2»TPAriRl (3)-PA.IRl (7) )»(PAIR1(3)-PAIR1(9))*(PAIR1(3)-PAIR1(11) 
A2=((X-PAIR1(1))*(X-PAIR1(3))*(X-PAIR1(7))*(X-PAIR1(9)) 
1 ) )»(X-PAlRI(3n*(X-PAlMt5n*(X-PAlRl(9M 
2*(PAIR1 (7>-^AIRl (5n*(PAlRl(7)-PAIRl(9))»(PAIRl(7)-PAm(nT 
A4=((X-PAlRlU))*(X-PAIRl(3))*(X-PAlRl(5))*(X-PA1Rl£n_r 
J 2 * ( PA1R1 ( 9 ) - P A i R i ( 5 n * tl^Alftm)-PAIRl(7n»(PAIRU9|-PjHRIiUl 
A5=( ( X - P A I R K l ) )*(X-PAIR1{3))*(X-PAIR1(5))*(X-PAIRU7)) 
?)»(PAIR1(11 )-PAIRl (5) )*(PAIR1(11)-PAIRU7) ) * ( P A I R 1 ( U ) -
GO TO (64,62),KI 
ANS=A6*XX 
0051 DO 52 J = l , l ( ] 
P A I K I ( J ) = PAIR(JJ) /XX 
GO TO 71 
JJ=K3-7+J 
0054 CONTINUE 
0062 XX=XX*10.0 
GO TO 1 0 
GO TO ICQ 
I T E ( 6 
9 6 P 0 R M A T ( 2 6 H SUBROUTINE LAGRAN—ERROR) 
0 0 0 9 7 FORMAT { 9 6 H VALUE DETER><INED I N PROBLEM FOR INDEPENDENT VARIASiE 1 
WRITE{6,99 )X 
1 F 1 4 . 4 J 
W R I T E ( 6 , 3 0 0 ) ( P A I R ! I ) , I = 1 , N U M B E R ) 
S = S Q R T ( - 1 . 0 ) 
COMPUTER OUTPUT OF PROGRAM I I 
Computation of the following case dispersion data of Iceland 
Model 3 Iceland Region 
1 5 9 
Thickness Alpha Beta RHO 
1.00000 1.50012 0.0 1.03000 
5.00000 4.60253 2.66146 2.54000 
12.00000 6.41206 3.68693 2.80000 
20.00000 7.47687 4.31890 3.30000 
0.0. 8.03766 4.45643 3.40000 
RAYLEIGH MODE, 1 
Period PH.Vel. GP.Vel Orbit 
10.00 3.28689 2.62439 0.728275 
12.00 3.43667 2.78256 0.789276 
14.00 3.55370 2.96297 0.833698 
16.00 3.64080 3.12771 0.867353 
18.00 3.70537 3.26395 0.892531 
20.00 3.75407 3.37238 0.910821 
22.00 3.79167 3.45848 0.923635 
24.00 3.82138 3.52742 0.932179 
26.00 3.84535 3.58326 0.937430 
28.00 3.86507 3.62904 0.940193 
30.00 3.88156 3.66700 0.941057 
32.00 3.89556 3.69882 0.940494 
34.00 3.90762 3.72579 0.938862 
36.00 3.91812 3.74887 0.936431 
38.00 3.92736 3.76890 0.933411 
40.00 3.93557 3.78625 0.929961 
Delta 1600,0 Kilometres Ratio 0.7000 
Composite Dispersion 
Period PH.Vel GR.Vel 
10.00 3.3007 2.7195 
12.00 3.4337 2.8201 
14.00 3.5471 2.9507 
16.00 3.6383 3.0912 
18.00 3.7090 3.2266 
20.00 3.7629 3.3455 
22.00 3.8042 3.4438 
24.00 3.8362 3.5231 
26.00 3.8617 3.5868 
160 
Period PH.Vel GR.Vel 
28.00 3.8823 3.6382 
30.00 3.8992 3.6800 
32.00 3.9135 3.7145 
34.00 3.9256 3.7432 
36.00 3.9361 3,7674 
38.00 3.9453 3.7881 
40.00 3.9535 3.8059 
Period GP. Vel. TGP.Vel Residual 
29.00 3.6600 3.6601 -0.0001 
22.00 3.4000 3.2330 -0.0438 
18.10 3.2300 3.2330 -0.0030 
16.60 3.1000 3.1330 -0.0330 
14.50 2.9900 2.9856 0.0644 
13.30 2.9100 2.9029 0.0071 
33.00 3.7200 3.7295 -0.0095 
27.50 3.5800 3.6263 -0.0463 
24.00 3.4700 3.5231 -0.0531 
21.50 3.3800 3.4211 -0.0411 
20.50 3.3000 3.3720 -0.0720 
21.00 3.2300 3.3972 -0.1672 
19.00 3.1500 3.2885 -0.1385 
17.50 3.1000 3.1939 -0.0939 
15.50 3.0400 3.0560 -0.0160 
14.00 3.0000 2.9507 0.0493 
27.00 3.5600 2.6138 -0.0538 
20.80 3.3600 3.3873 -0.0273 
19.30 3.2200 3.3061 -0.0861 
15.60 3.0900 3.0631 0.0269 
15.00 3.0000 3.0207 -0.0207 
14.30 2.9300 2.9716 -0.0416 
13.40 2.7700 2.9097 -0.1397 
17.10 2.7200 3.1672 -0.4472 
14.50 2.8600 2.9856 -0.1256 
30.50 3.7700 3.6892 . 0.0808 
29.50 3.6400 3.6703 -0.0303 
25.00 3.5300 3.5567 -0.0267 
23.00 3.4400 3.4857 -0.0457 
21.50 3.3600 3.4211 -0.0611 
20.50 3.2900 3.3720 -0.0820 
20.00 3.2300 3.3455 -0.1155 
17.50 3.1600 3.1939 -0.0339 
16.50 3.1200 3.1261 -0.0621 
32.50 3.6600 3.7221 -0.0621 
24.30 3.4800 3.5336 -0.0536 
20.00 3.3300 3.3455 -0.0155 
18,10 3.2100 3.2330 -0.0230 
ROOT MEAN SQUARE DEVIATION 0.09808 
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APPENDIX I I 
Epicentral distance program 
Purpose 
The function of t h i s program i s to calculate the epicentral 
distance i n degrees and kilometres and azimuth i n degrees of any 
earthquake to a recording s t a t i o n . The formula used to calculate 
distance i s from Bullen (1959). The station and epicentre 
co-ordinates should be given i n degrees and minutes. A l l 
east longitudes and north latitudes are positive, west longitudes 
and south latitudes are negative. The azimuth given by th i s 
program i s the azimuth of the epicentre from recording station 
and i t i s measured clockwise s t a r t i n g from the north. 
Flow Diagram 
Read l a t i t u d e and longitude of recording station 
\ 
Read l a t i t u d e and longitude of an epicentre 
I 
Calculate distance, Cos Z, sin Z 
i 
Evaluate Z between 0 and 360 degrees 
I 
Print A (distance i n degrees),R (distance i n Kilometres,)Z 
DATA TAPE 
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Recording Station Co-ordinates : degrees minutes (Lat) degrees minutes (Long) 
Epicentre co-ordinates : degrees minutes (Lat) degrees minutes (Long) 
degrees minutes degrees minutes 
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•C."V."RAJU "EPICEiMTRAL D I S T A ; N J C E AND "AZIMUTH •'CALCULATIOMS; 
C*"D,"E*"G,*'H, •K,"A"D>"8"D, \BEGIN \REAL DEGREE,MINS,LAT>LOMG,"A,"B, 
••C"D, ANGLE,CAN GLE, SANGLE,T, 
\SWITCH SS!=Ll; 
\READ DEGREE,MINSi 
LAT:=(DEGREE+MINS/6U)/5 7.29578i 
LAT!=ARCTAN(U.993277*TAN(LAT))i 
\READ DEGREE,MINSi 
L0NG:=(DEGREE+MINS/6U)/57.29578i 
••A:=C0S(LAT)*C0SCL0NG) i 
••B: = COS(LAT) •SIN (LONG); 
••C:=SIN(LAT)i 
"D:=SIN(LONG); 
"E:=-C0S(L0NG)i 
"G:=SIN(LAT)*C0S(L0NG)J 
"H:=SIN(LAT)*SIN(LONG)i 
"K:=-C0S(LAT)J 
\PRINT ##L?ANGLERS4?DISTANCE#S4?AZIMUTH?; 
L I : \READ DEGREE,MINSi 
LAT: = (DEGREE+MINS/60)/57. 29578J 
LAT:=ARCTAN(U.993277*7AN(LAT))i 
\READ DEGREE,MINSi 
L0NG:=(DEGREE+MINS/6U)/57.29578J 
••A"D;=C0S(LAT)*C0S(L0NG) i 
"B"D:=C0S(LAT)*SIN(L0NG)i 
••C"D:=SIM(LAT); 
CANGLE:="A*"A"D+"B*"8"D+"C*"C"D; 
AN GLE!= ARCCOS(CAN GLE)J 
••R:=ANGLE*637 1.22,* 
SANGLE:=SIN(ANGLE),• 
ANGLE:=ANGLE*57.285 78I 
S"Z: = ( (••A"D-"D)t 2 + ("B"D-"E) t 2 + " C " D t 2-2 ) / ( 2*S AN GLE ) ; 
C"Z: = (("A"D-"G)T 2 + ("B"D-"H)t 2 + ("C"D-"K)t 2-2)/(2*SANGLE)i 
••Z;=ARCSIN(S"Z) J 
\ I F S"Z\>U \AND C"Z\>U \THEN "Z:="Z \ELSE 
\ I F S"Z\>U \AND C"Z<U \THEN "Z:=3.14159-"Z \ELSE 
\ I F S"Z<0 \AND C"Z<0 \THEN "Z:=3.14159-"Z \ELSE 
\ I F S"Z<U \AND C"Z>U \THEN "Z:=6.28318+"Zi 
T:="Z*57.295781 
\PRINT ALIGNED(2,1),ANGLE,SAMELINE,ALIGNED(9, 1 ) , 
••R,ALIGMED(8, 1 ) , T i 
\GO TO L\i 
\ENDi 
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APPENDIX I I I 
The purpose of thi s appendix i s to i l l u s t r a t e how the 
group velocity of Rayleigh waves of a theoretical earth model 
depends on the parameters of each layer and to see how c r i t i c a l 
i s the effec t of each parameter. For this study a model i s 
chosen and the layer parameters, such as, thickness, ve l o c i t i e s , 
density of each layer i s varied keeping the Poisson's r a t i o 
0.25 group velocity as well as phase velocity i s calculated using 
the program I described i n the appendix I . Only group velocities 
are shown for fundamental mode i n the period range 10 to 
50 seconds i n the figiu^es 1 to 6 
Figure 1 shows the effect of the thickness of water layer 
i n the model on the group velocity curve. The group velocity 
decreased as the thickness of the water layer i s increased ( F i g . l ) 
and i t affects the lower periods more than the higher periods. 
Figure 2 shows effect of the thickness of 2nd and 3rd 
layers on the group velo c i t y . Fig.2a shows the effect of the 
thickness of 4th layer and i t i s varied from 10 to 80 Kms. 
I t has a very l i t t l e effect on group velocity c u r v e below 16 sec. 
period and at higher periods the group velocity decreased as 
the thickness of the layer increased and i n the intermediate 
period range (16 to 30 sec. period) the effect i s inverse of that 
of at higher periods. Fig.2b shows the effect of the variation 
i n the thickness of 3rd layer, which i s varied from 3 to 10 kms. 
In t h i s case the group velocity curve moved downwards at a l l periods 
as the thickness increased, whereas i n the previous case i t i s 
di f f e r e n t at di f f e r e n t periods. This shows the effect of thickness 
of a layer on group velocity at any period i s non uniform. 
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O <»: 
2-4 
20 
H P KMS KMISCC. GM/CC 
20 IS 0.0 103 
20 2S / s 20 
SO S4 3 J 2 8 
^4 74 4 J 33 
at 80 44J 34 
1 
JS 40 4S 10 IS 20 2S 30 
PERIOD IN SECONDS 
SO 
4.0 
IOC 
f 
— 
o 
H^S-OK^i 
H oC f 
KMS. KM/S£C. GM/CC 
2-0 IS 0.0 1.03 
20 2S 1-8 20 
»3 S4 34 2 8 
20C 7-4 4-3 33 
•0 80 443 34 
IS 20 2S 30 3S 40 
PERIOD IN SECONDS 
4S 
b 
50 
EFFECT OF THICKNESS OF A LAYER ON GROUP VELOCITY OF RAYLEIGH WAVES 
F i g . 2 
Also i t can be seen from Fig.2b that the thickness of upper 
layers has pronounced effect on group velocity curves at periods 
up to 30 sees. 
Figs.3 and 4 shows the effect of P and S wave velocity of layers 
3 and 4 on the group velocity curve. In Fig.3a the P-wave 
velocity of layer 4 has been varied from 7.0 to 7.8 km/sec, 
which affected the group velocity very l i t t l e where as i n Fig.3b 
the P wave velocity of layer 3 has been varied from 4.0 to 6.0 km/sec, 
which has remarkable effect on the group velocity ciu-ve at lower 
periods. Fig.4a shows the variation of S-wave velocity of 4th 
layer on group velocity curve, which has remarkable effect at lower 
periods, whereas the variation of S wave velocity of 3rd layer 
has very l i t t l e effect on group velocity curve (Fig.4b). This 
shows that f o r t h i s particular model P wave velocity of 3rd layer 
and S wave velocity of 4th layer are more sensitive to group 
v e l o c i t y . This also shows that both P and S wave velocity of 
a layer are equally important. 
Instead of changing either P or S wave velocity, both 
P and S wave velocity has been varied simultaneously keeping 
the Poisson's r a t i o 0.25.Fig.5 shows th i s for 3rd layer, which 
shows a decrease i n group velocity with increase i n both P and 
S wave v e l o c i t i e s . 
Fig.6 shows the effect of density on group velocity and i t has 
very l i t t l e effect on group velocity. In Fig.6b a decrease i n the 
density of 3rd layer increases the group velocities at a l l periods. 
Whereas i n Fig.6a a decrease i n density of 4th layer decreases the 
group velocity at periods above 25 seconds and increases the group 
velocity at periods below 25 seconds. In general this shows that 
i n choosing a value for the density of a layer i s not very c r i t i c a l 
because i t s effect on the group velocity i s small. 
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M/wi ••/*•' ri" 
IS OC 103 
JO JS 40 
PERIOD IN SECONDS 
// ^ 
KMS. KUfSEC. GM/OC 
20 IS 
30 35 40 
PERIOD IN SECONDS 
EFFECT OF S WAVE VELOCITY ON GROUP VELOCITY OF RAYLEIGH WAVES 
Fig.4 
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KMS. 
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XMf5£C 
/•S OO 
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/•03 
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EFFECT OF BOTH P AND S WAVE VELOCITY ON GROUP VELOCITY OF 
RAY LEIGH WAVES 
F i g . 5 . 
H c6 P 
/r/Ms GMICC 
20 IS 0.0 1-03 
20 2'S 18 2-0 
SO S-4 JJ 2'S 
20-0 74 4 J P4 
1* 8-0 4-4J 3-4 
J O JS 40 4S SO 
PERIOD IN SECONDS 
H P 
KM KMIUC QMIQC 
20 IS OO I4>3 
2-0 /•• 20 
SO 3-4 33 f 3 
200 74 43 33 
•0 90 443 34 
10 IS 20 2S 30 33 40 
PERIOD IN SECONDS 
43 SO 
EFFECT or DENSITY ON GROUP VELOCITY OF RAYLEIW UtSA^S 
F i g . 6 . 
The above examples show how the layer parameters of a model 
are c r i t i c a l t o group v e l o c i t y curve when f i t t i n g a t h e o r e t i c a l 
d i s p e r s i o n curve of an ea r t h model t o observed dispersion and the 
noT) uniqueness i n g e t t i n g the s t r u c t u r e from the observed surface 
wave d i s p e r s i o n by t h i s i n d i r e c t method of i n t e r p r e t i n g the surface 
wave d i s p e r s i o n data. 
